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I1. RELATED APPEALS AND INTERFERENCES

A Notice of Appeal has been filed in the related Application Nos. 10/063,514,
10/063,607, 10/063,647, 10/063,666 and 10/063,668. A Notice of Appeal and an Appeal Brief
have also been filed in the related Application Nos. 10/063,519; 10/063,524; 10/063,530;
10/063,534; 10/063,540; 10/063,570; 10/063,578; 10/063,584; 10/063,586; 10/063,587;
10/063.591, 10/063,592; 10/063,616; 10/063,617, 10/063,640, 10/063,648; 10/063,652;
10/063,653; 10/063,659; 10/063,660 and 10/063,661. Appellants are unaware of any other

related appeals or interferences.

IHI. STATUS OF THE CLAIMS

The above-captioned application was filed with Claims 1-6. Claim 6 was canceled in an

Amendment and Response to Office Action mailed May 2, 2005. Claims 1-5 were finally
rejected by the Examiner in a Final Office Action mailed May 31, 2005. Accordingly, Claims 1-
5 are the subject of this appeal. The claims attached hereto as Appendix A reflect the claims as

amended by the Amendment and Response to Office Action mailed May 2, 2005.

IV.  STATUS OF AMENDMENTS

No amendments have been made subsequent to final rejection.

V. SUMMARY OF THE CLAIMED SUBJECT MATTER

The claimed subject matter relates to isolated antibodies which specifically bind to the

polypeptide having SEQ ID NO: 64. As amended, independent Claim 1 reads:
1. An isolated antibody that specifically binds to the polypeptide of SEQ ID NO: 64.
Various aspects of the claimed antibody are described in the specification at, for example,
paragraphs [0024], [0225],[0238]-[0248], and [0361]-[0405]. SEQ ID NO: 64 is disclosed in the

Sequence Listing appended to the application.
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VI.  GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL

A, Grounds of Rejection

The Examiner has rejected Claims 1-5 under 35 U.S.C. §101, stating that the claimed
invention is not supported by either a specific and substantial asserted utility or a well-
established utility.

The Examiner has also rejected Claims 1-5 under 35 U.S.C. §112, first paragraph. The
Examiner asserts that since the claimed invention is not supported by either a specific or
substantial asserted utility or a well-established 'utility, one skilled in the art clearly would not

know how to use the claimed invention.

B. Grouping of Claims

Claims 1-5 can be considered as a group for purposes of the utility and enablement.

VII. APPELLANTS’ ARGUMENT

A. Summary of Arguments

1. Utility Rejection

The first issue before the Board is whether Appellants have asserted at least one “specific,
substantial, and credible utility” for the claimed invention. See Examination Guidelines (“Utility
Guidelines™), 66 Fed. Reg. 1092 (2001). Appellants have asserted that the claimed antibodies to
the polypeptide of SEQ ID NO: 64 (the PRO3566 polypeptide) are useful as diagnostic tools for
cancer, particularly for esophageal and melanoma tumor. This asserted utility is specific,
substantial, and credible.

Briefly stated, Appellants’ asserted utility is based on the disclosure in Example 18 of the
instant application that the mRNA encoding the PRO3566 polypeptide is more highly expressed
in normal skin and esophageal 1ufnor tissue compared to melanoma tumor and normal esophagus
tissue, respectively. It is well-established that there is a reasonable correlation between changes
in mRNA level for a particular gene and a corresponding change in the level of expression of the
encoded polypeptide, such that increasing or decreasing the amount of mRNA for a particular
gene leads to a corresponding increase or decrease in the amount of the encoded protein. Thus,
one of skill in the art would be more likely than not to believe that, like the PRO3566 mRNA,

the PRO3566 protein is more highly expressed in normal skin and esophageal tumor tissue
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compared to melanoma tumor and normal esophagus tissue, respectively. This differential
expression of PRO3566 polypeptide is useful for distinguishing melanoma or esophageal tumor
tissue from their normal counterpart tissues. Therefore, the claimed antibodies to the PRO3566
polypeptide have a specific, substantial and credible utility as diagnostic tools for cancer,

particularly esophageal and skin cancer, as is explained in more detail below.

2. Enablement Rejection

The second issuc before the Board is whether Appellants have enabled the pending
claims such that one of skill in the art would be able to make and use the claimed invention. The
Examiner has rejected Claims 1-5 under 35 U.S.C. §112, first paragraph, arguing that because
the claimed invention is not supported by either a specific or substantial asserted utility or a well-
established utility, one skilled in the art clearly would not know how to use the claimed invention.
See Final Office Action at 5.

For the reasons discussed in detail below, the claimed invention is supported by a specific,
substantial and credible utility. Because the lack of a supporting utility is the only basis for the
IExaminer’s rejection under 35 U.S.C. § 112, first paragraph, the Board should reverse the

rejection of Claims 1-S as lacking enablement.

B. Utility Rejection — Detailed Arguments

The first issue before the Board is whether Appellants have asserted at least one “specific,
substantial, and credible utility” for the claimed subject matter. See Examination Guidelines, 66
Fed. Reg. 1092 (2001). Appellants have asserted that the claimed antibodies to the polypeptide
of SEQ ID NO:64 (the PRO3566 polypeptide) are useful as diagnostic tools for cancer,
particularly for esophageal and melanoma tumor. This asserted utility is specific, substantial,

and credible, as is explained in more detail below.

1. Utility — Legal Standard

A “specific utility” is defined as utility which is “specific to the subject matter claimed,”
in contrast to “a general utility that would be applicable to the broad class of the invention.” See
M.P.EP. § 2107.01 1. For example, it is generally not enough to state that a nucleic acid is

useful as a diagnostic tool without also identifying the condition that is to be diagnosed.
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The requirement of “substantial utility” defines a “real world” use, and derives from the
Supreme Court’s holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that “[t]he
basic quid pro quo contemplated by the Constitution and the Congress for granting a patent
monopoly is the benefit derived by the public from an invention with substantial utility.” In
explaining the “substantial utility” standard, M.P.E.P. § 2107.01 cautions, however, that Office
personnel must be careful not to interpret the phrase “immediate benefit to the public” or similar
formulations used in certain court decisions to mean that products or services based on the
claimed invention must be “currently available” to the public in order to satisfy the utility

requirement. “Rather, any reasonable use that an Appellant has identified for the invention that

can be viewed as providing a public benefit should be accepted as sufficient. at least with regard
to defining a ‘substantial’ utility.” M.P.E.P. § 2107.01 (emphasis added).

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility
Requirement, set forth in M.P.E.P. § 2107 1I(B)(1) gives the following instruction to patent
examiners: “If the Appellant has asserted that the claimed invention is useful for any particular
practical purpose ... and the assertion would be considered credible by a person of ordinary skill
in the art, do not impose a rejection based on lack of utility.”

Finally, in assessing the credibility of the asserted utility, the M.P.E.P. states that “to
overcome the presumption of truth that an assertion of utility by the Appellant enjoys” the PTO
must establish that it is “more likely than not that one of ordinary skill in the art would doubt (i.e.,

‘question’) the truth of the statement of utility.” M.P.E.P. § 2107.02 IIT A.

2. Utility — Burden of Proof

It is well established that a specification which contains a disclosure of utility which
corresponds in scope to the subject matter sought to be patented “must be taken as sufficient to
satisfy the utility requirement of § 101 for the entire claimed subject matter unless there is reason
for one skilled in the art to question the objective truth of the statement of utility or its scope.” In
re Langer, 503 ¥.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). Thus “the PTO has the
initial burden of challenging a presumptively correct assertion of utility in the disclosure.” In re
Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). Only after the PTO provides

evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility
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does the burden shift to the Appellant to provide rebuttal evidence sufficient to convince such a

person of the invention’s asserted utility. /d.

3. Utility — Standard of Proof
Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951,
956, 220 U.S.P.Q. 592, 596 (Fed. Cir. 1983). The evidentiary standard to be used throughout ex

parte examination in setting forth a rejection is a preponderance of the evidence, or “more likely
than not” standard. /n re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir.
1992). This is stated explicitly in the M.P.E.P.:

[T]he Appellant does not have to provide evidence sufficient to establish that an
asserted utility is true “beyond a reasonable doubt.” Nor must the Appellant
provide evidence such that it establishes an asserted utility as a matter of
statistical certainty. Instead, evidence will be sufficient if, considered as a whole,
it leads a person of ordinary skill in the art to conclude that the asserted utility is
more likely than not true. M.P.E.P. at § 2107.02, part VII (empbhasis in original,
citations omitted).

The Court of Appeals for the Federal Circuit has stated that the standard for satisfying the
utility requirement is a low one:

The threshold of utility is not high: An invention is “useful” under section 101 if
it is capable of providing some identifiable benefit. See Brenner v. Manson, 383
U.S. 519, 534, 86 S.Ct. 1033, 16 L.Ed.2d 69 (1966); Brooktree Corp. v. Advanced
Micro Devices, Inc., 977 F.2d 1555, 1571 (Fed. Cir. 1992) (“To violate § 101 the
claimed device must be totally incapable of achieving a useful result”); Fuller v.
Berger, 120 F. 274, 275 (7th Cir.1903) (test for utility is whether invention “is
incapable of serving any beneficial end”). Juicy Whip, Inc. v. Orange Bang, Inc.,
185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999) (emphasis added).

The low threshold for satisfying the utility requirement is reflected in the standard set by the
IFederal Circuit for invalidating a patent based on a lack of utility: “[T]he fact that an invention
has only limited utility and is only operable in certain applications is not grounds for finding lack

of utility. Some degree of utility is sufficient for patentability. Further, the defense of non-

utility cannot be sustained without proof of total incapacity.” Envirotech Corp. v. Al George,
Inc., 730 F.2d 753, 762,221 U.S.P.Q. 473 (Fed. Cir. 1984) (emphasis added, citations omitted).
Because the standard for satisfying the utility requirement is so low, requiring total

incapacity for a finding of no utility, the M.P.E.P. cautions that:
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Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts.
Generally speaking, in these rare cases, the 35 U.S.C. 101 rejection was sustained
[] because the Appellant ... asserted a utility that could only be true if it violated a
scientific principle, such as the second law of thermodynamics, or a law of nature,
or was wholly inconsistent with contemporary knowledge in the art. M.P.E.P. §
2107.02 I B., citing /n re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96
(C.C.P.A. 1967) (underline emphasis in original, italic emphasis added).

4, Appellants Asserted a Specific, Substantial _and Credible Utility that _is

Sufficient to Satisfy the Utility Requirement of § 101

The claimed subject matter relates to antibodies which specifically bind to the
polypeptide having SEQ ID NO: 64. The polypeptide of SEQ ID NO: 64 (referred to as
“PRO3566 polypeptide™) is encoded by the polynucleotide of SEQ ID NO: 63 (a'lso referred to
as DNAS9844-2542). Specification at 4 [0089-0090]. Appellants have asserted that the
claimed antibodies are useful as diagnostic tools for cancer, particularly esophageal and skin
cancer.

In “Example 18: Tumor Versus Normal Differential Tissue Expression Distribution”
Appellants disclose that the mRNA encoding PRO3566 polypeptide is more highly expressed in
normal skin and esophageal tumor tissue compared to melanoma tumor and normal esophagus
tissue, respectively. Specification at { [0529-0530] and accompanying tables. As explained in
paragraph [0530], the differential expression of the PRO3566 mRNA was detected using the
well-established technique of quantitative PCR amplification of ¢cDNA libraries isolated from
different human normal and tumor tissue samples. To ensure that equivalent amounts of nucleic
acid were used in each reaction, the cDNA for B-actin was used as a control.

The specification teaches that identification of the differential expression of a PRO
polypeptide-encoding nucleic acid in one or more tumor tissues as compared to one or more
normal tissues of the same tissue type “renders the molecule useful diagnostically for the
determination of the presence or absence of tumor in a subject suspected of possessing a tumor.”
Specification at ¥ [0530]. Similarly, Appellants disclose that PRO polypeptides “may also be
used diagnostically for tissue typing, wherein the PRO polypeptides of the present invention may
be differentially expressed in one tissue as compared to another, preferably in a diseased tissue as
compared to a normal tissue of the same tissue type.” Specification at § [0336]. Likewise,

Appellants disclose the use of antibodies to PRO polypeptides as diagnostic tools:
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[A]nti-PRO antibodies may be used in diagnostic assays for PRO [polypeptide],

e.g., detecting its expression (and in some cases, differential expression) in

specific cells, tissues, or serum. Various diagnostic assay techniques known in

the art may be used, such as competitive binding assays, direct or indirect

sandwich assays and immunoprecipitation assays conducted in either

heterogeneous or homogeneous phases. Specification at |0407).

Taken together, the specification clearly discloses the use of the claimed antibodies as
diagnostic tools for cancer, particularly esophageal and skin cancer. This utility is substantial, as
one of skill in the art will recognize that the diagnosis of cancer is a “real world” use; it is
specific, as the diagnosis of esophageal and melanoma tumor is not a utility that applies to the
broad class of antibodies; and it is credible, as it not a utility “that could only be true if it violated
a scientific principle, ...or a law of nature, or [is] wholly inconsistent with contemporary
knowledge in the art.” M.P.E.P. § 2107.02 IIl B., citing /n re Gazave, 379 F.2d 973, 978, 154
U.S.P.Q. 92, 96 (C.C.P.A. 1967). Because Appellants’ specification contains a disclosure of
utility which corresponds in scope to the claimed subject matter, the asserted utility “must be
taken as sufficient to satisfy the utility requirement of § 101 for the entire claimed subject matter
unless there is reason for one skilled in the art to question the objective truth of the statement of
utility or its scope.” In re Langer, 503 F.2d 1380, 1391, 183 U.S.P.Q. 288,297 (C.C.P.A. 1974).
Therefore, the burden of establishing a prima facie case of lack of utility rests with the PTO. See,
In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) (“the PTO has the initial

burden of challenging a presumptively correct assertion of utility in the disclosure”).

5. The Examiner’s Arguments

To establish a prima facie showing that the claimed subject matter lacks utility, the
Examiner must “provide[] evidence showing that one of ordinary skill in the art would
reasonably doubt the asserted utility.” /n re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436
(Fed. Cir. 1995). The Examiner has filed a first Office Action, a Final Office Action, and an
Advisory Action during the prosecution of the instant application. None of these papers provide
any evidence that one of ordinary skill in the art would reasonably doubt the asserted utility.

In the first Office Action, dated February 3, 2005, the Examiner rejected the pending
claims, stating “Claims 1-6 are rejected under 35 U.S.C. 101 because the claimed invention is
not supported by either a specific and substantial asserted utility or a well-established utility.”

First Office Action at 3. The Examiner stated that “[t]he antibodies of the current invention bind
-8 -
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to polypeptides comprising SEQ ID NO: 64. However, there is no utility for a polypeptide
comprising SEQ ID NO: 64.” Id. The Examiner rejected several of the disclosed utilities for the
claimed antibodies, including therapeutic uses of the antibodies. The Examiner argued that “[1]t
is not clear whether the overexpression of PRO3566 is statistically significant and whether such
overexpression is correlated to the overexpression of the encoded protein or whether it is due to
aneuploidy. /d. at 3. Furthermore, the Examiner stated that “[t]he specification fails to disclose
the biological significance of this overexpression. The specification also does not teach whether
the overexpression is the cause or the result of the tumors.” /d. at 3-4. According to the
Fxaminer, “further research and experimentation would be required to find out whether
PRO3566 is useful as asserted.” Id. at 4. The Examiner did not address the asserted utility of a
diagnostic tool for cancer.

In a Final Office Action dated May 31, 2005, the Examiner maintained her rejection of
the pending claims “for the reasons of record.” The Examiner stated that Appellants’ arguments
made in an Amendment and Response to Office Action filed May 2, 2005, were fully considered,
but were not persuasive. First, the Examiner concluded that the “utility of being a diagnostic
target for melanoma or esophageal tumors is a utility that requires or constitutes carrying out
further research to identify or reasonably confirm a ‘real world’ context of use.” Final Office
Action at 4. Also, the Examiner argued that the data of Example 18 and a declaration entered to
support the data were insufficient because they did not indicate how high the levels of expression
were, how reproducible and reliable the results were, whether the results were statistically
significant, or the nature or number of samples used. /d.

Furthermore, the Examiner argued that “[t]he only thing Applicants teach is that the gene
was ‘more highly expressed,” and this does not enable the skilled artisan to differentiate amongst
expression levels in order to diagnose any diseases.” Final Olffice Action at 4. The Examiner
relied upon Chen er al. (Mol. Cell Proteomics, 1.4:304-313, 2002) to contradict Applicants’®
position that generally those of skill in the art recognize a correlation between mRNA expression
and protein expression. See id.

Finally, the Examiner stated that “[o]ne skilled in the art would need to do further
research to determine whether or not the PRO3566 polypeptide levels increased or decreased
significantly in the tumor samples.” According to the Examiner, “[sJuch further research

requirements make it clear that the asserted utility is not yet in currently available form, i.e., it is

_9.
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not substantial.” /d. The Examiner concludes that “[w]ithout more specifics about necessary
sample size, expression level range of normal and tumor tissues, types of skin and esophageal
tissue that can be used, and other questions, the specification has not provided the invention in a
form readily usable by the skilled artisan such that significant further experimentation is
unnccessary.” /d.

In response to the Final Office Action, Appellants submitted a Response to Final Office
Action, mailed July 22, 2005, which included additional arguments in support of their initial
Amendment. The Examiner issued an Advisory Action on December 2, 2005.

In the Advisory Action mailed on December 2, 2005, the Examiner stated that “all

rejections under USC 101 and 112 are maintained for reasons of record.” Advisory Action at 2.

6. The Examiner has not established a Prima Facie case that Claims 1-5 lack

Utility

The above arguments do not satisfy the Examiner’s burden to “provide[] evidence

showing that one of ordinary skill in the art would reasonably doubt the asserted utility.” /n re
Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The Examiner has the burden

of presenting “countervailing facts and reasoning sufficient to establish that a person of ordinary

skill would not believe the Appellant’s assertion of utility.” M.P.E P. at §2107.02 IILA., citing
in re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) (“Only after the PTO

provides evidence showing that one of ordinary skill in the art would reasonably doubt the

asserted utility does the burden shift to the Appellant to provide rebuttal evidence™) (emphasis
added). With the exception of the Chen el al. reference cited in the Final Office Action, the
Examiner’s assertions are not supported by any facts or evidence, and as is explained below,
Chen does not support the Examiner’s position. Therefore there is simply no evidence in the
record to support her assertion that “[o]ne skilled in the art would need to do further research to
determine whether or not the PR0O3566 polypeptide levels increased or decreased significantly in
the tumor samples.” Absent some evidence to support her assertions, the Examiner has failed to
establish a prima facie showing that one of skill in the art would reasonably doubt the asserted

utility, and the Board should accept Appellants’ disclosed utility as sufficient.

-10 -



Appl. No. : 10/063,570
Filed : May 2, 2002

a. The data in Example 18 are sufficient to establish the asserted utility

Appellants turn first to the Examiner’s arguments challenging the significance and
reliability of the data reported in Example 18. The Examiner argues that Example 18 and the
first declaration of Mr. Grimaldi are insufficient to overcome the utility rejection of the pending
claims because they do not teach how high the expression level is, what the level of
reproducibility or reliability of the data is, whether the results are statistically significant, or the
nature or number of samples that were used. Final Office Action at 4. The Examiner concludes
that the specification has not provided the invention in a form readily usable by the skilled
artisan such that significant further experimentation is unnecessary. /d. at 5. None of these
unsupported arguments are sufficient to establish a prima facie case that one of skill in the art
would reasonably doubt the asserted utility.

The gene expression data in Example 18 of the specification show that the mRNA
associated with protein PRO3566 was more highly expressed in normal skin tissue and
esophageal tumor tissue compared to melanoma tumor and normal esophagus tissue, respectively.
See Specification at 4 [0530] and accompanying tables. Gene expression was analyzed using
standard quantitative PCR amplification reactions of cDNA libraries isolated from different
human tumor and normal human tissue samples. Id. It is well known in the art that the number
of copies of a particular cDNA in the cDNA library is determined by the number of copies of the
corresponding mRNA in the sample. Therefore, the cDNA libraries can be used to determine the
level of expression of the corresponding mRNA in the tissue.

Appellants have asserted that identification of the differential expression of the PRO3566
polypeptide-encoding gene in tumor tissue compared to the corresponding normal tissue renders
the molecule useful as a diagnostic tool for the determination of the presence or absence of tumor.
Id. In support of this asserted utility, Appellants submitted as Exhibit 1 to their Amendment and
Response to Office Action a first Declaration of J. Christopher Grimaldi, an expert in the field of
cancer biology. This declaration explains the importance of the data in Example 18, and how
differential gene and protein expression studies are used to differentiate between normal and
tumor tissue. See First Grimaldi Declaration.

In paragraphs 6 and 7, Mr. Grimaldi explains that the semi-quantitative analysis
employed to generate the data of Example 18 is sufficient to determine if a gene is over- or

under-expressed in tumor cells compared to corresponding normal tissue. He states that any

-1 -



Appl. No. : 10/063,570
Filed : May 2, 2002

visually detectable difference seen between two samples is indicative of at least a two-fold
difference in ¢cDNA between the tumor tissue and the counterpart normal tissue. He also states
that the results of the gene expression studies indicate that the genes of interest “can be used to
differentiate tumor from normal.” He explains that, contrary to the PTO’s assertions, “[t]he
precise levels of gene expression are irrelevant; what matters is that there is a relative difference
in expression between normal tissue and tumor tissue.” First Grimaldi Declaration at § 7.

This declaration makes clear that since it is the relative level of expression between
normal tissue and suspected cancerous tissue that is important, how high the level of expression
in normal tissue is, is irrelevant. As to the Examiner’s questions about the reliability and
reproducibility of the results, Appellants employed standard techniques which are well-known
and accepted by those of skill in the art. Mr. Grimaldi states that if a difference is detected using
these techniques, “this indicates that the gene and its corresponding polypeptide and antibodies
against the polypeptide are useful for diagnostic purposes...” Id. Thus, it is the uncontested
opinion of an expert in the field that the results are reliable enough to indicate that the claimed
antibodies are useful as diagnostic tools. As to the Examiner’s concerns regarding the number
and types of samples used, Mr. Grimaldi states that the samples are pooled samples of normal
and tumor tissue. /d. at 9y 5.

The Examiner has also rejected the data because she questions the statistical significance
of the data. However, Appellants are not required to prove utility to a statistical certainty, only
that it is more likely than not true. See Nelson v. Bowler, 626 F.2d 853, 856-57, 206 U.S.P.Q.
881. 883-84 (C.C.P.A. 1980) (reversing the Board and rejecting an argument that evidence of
utility was insufficient because it was not statistically significant). Therefore, whether the results
are statistically significant or not is irrelevant to establishing the asserted utility. Finally, the
ixaminer has failed to explain the relevance of whether the reported differential expression is
due 1o an increase in chromosomal copy number or increased transcription rates. The cause of
the differential expression is not relevant to whether the difference in expression can be used to
distinguish tumor from normal tissue.

The data in Example 18 and the first Grimaldi Declaration are therefore sufficient to
establish the asserted utility, and the Examiner has not rebutted the presumption of utility that the
Appellants’ application is afforded. Mr. Grimaldi is an expert in the field who conducted or

supervised the experiments at issue. His declaration is based on personal knowledge of the
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relevant facts at issue. Appellants’ have reminded the Examiner that “Office personnel must
accept an opinion from a qualified expert that is based upon relevant facts whose accuracy is not
being questioned.” M.P.E.P. § 2107 (emphasis added). In addition, declarations relating to
issues of fact should not be summarily dismissed as “opinions” without an adequate explanation
of how the declaration fails to rebut the Examiner’s position. See in re Alton 76 F.3d 1168 (Fed.
Cir. 1996). The Examiner has offered no reason or evidence to reject either the underlying data
or Mr. Grimaldi’s conclusions. Therefore, the Examiner should accept Mr. Grimaldi’s opinion
with regard to his statement that “any visually detectable difference seen between two samples is
indicative of at least a two-fold difference in cDNA between the tumor tissue and the counterpart
normal tissue” and that the genes of interest “can be used to differentiate tumor from normal.”

In conclusion, Appellants submit that the evidence reported in Example 18, supported by
the first Grimaldi Declaration, establish that there is at least a two-fold difference in PRO3566
cDNA between normal skin tissue and esophageal tumor tissue compared to melanoma tumor
tissue and normal esophagus tissue, respectively. Therefore, it follows that the PRO3566 gene,
polypeptide, and antibody can be used to distinguish esophageal and melanoma tumor tissue
from their normal tissue counterparts. The Examiner has not offered any significant arguments
or evidence to the contrary, and therefore has not established a prima facie case that one of skill
in the art would reasonably doubt the asserted utility.

b. The sole reference cited by the Examiner does not support the rejection

of the pending claims

Appellants turn next to the Examiner’s final argument and the sole reference cited by the
Examiner to support her rejection. In the Final Office Action, the Examiner cites Chen er al. as
support for the assertion that the correlation between protein levels and mRNA expression in
lung adenocarcinomas varies depending on the protein. The authors of the Chen reference
examined the relationship between mRNA levels and protein levels in 76 lung adenocarcinomas
and nine non-tumor lung samples.

As an initial matter, it is important to note that a portion of Chen is clearly not relevant to
Appellants’ assertion that changes in the level of mRNA lead to changes in the level of the
encoded polypeptide. In one experiment, Chen examined the global relationship between mRNA
and the corresponding protein abundance by calculating the average mRNA and protein level of

all the samples for each gene or protein, and then looked for a correlation across different genes.

-13 -



Appl. No. : 10/063,570
Filed : May 2, 2002

Based on these data, Chen reported that “no significant correlation between mRNA and protein
expression was found (r = -0.025) if the average levels of mRNA or protein among all samples
were applied across the 165 protein spots (98 genes).” Chen at Abstract. This measurement of a
correlation across genes is not relevant to Appellants® asserted utility, and is apparently not relied
on by the Examiner.

Chen also looked at the level of mRNA of 98 individual genes and their corresponding
proteins across the samples. Chen reports that 17% (28 of 165) of the protein spots, or 21.4%
(21 of 98) of the genes, showed a statistically significant correlation between protein and mRNA
expression. Chen at Abstract. It is these results that the Examiner relies on for support.

However, read in its entirety, Chen provides scant evidence to counter Appellants’
asserted utility because portions of Chen support Appellants’ assertions, and the remaining
portions provide little insight into the relationship between mRNA levels and corresponding
protein levels for mRNA that is differentially expressed in tumor cells relative to normal cells.

Appellants have asserted that changes in mRNA levels, particularly those which are two-
1‘oid or greater, will correspond with measurable changes in polypeptide expression. The data in
Chen support Appellants’ assertion. In Figures 2A-2C, Chen plots mRNA value vs. protein
value for three genes. In these figures, a wide range of mRNA expression levels were observed
(approximately seven- to eight-fold), and a correlation between mRNA and protein levels was
observed for all three mRNA/protein pairs. This supports Appellants’ assertion that there is a
correlation between changes in mRNA levels which are two-fold or greater and changes in
polypeptide expression.

The Examiner relies on the fact that Chen also reports a lack of correlation for some
mRNA/protein pairs to support her assertion that polypeptide levels cannot be accurately
predicted from mRNA levels. However, as is explained below, the apparent lack of a correlation
cannot be used as evidence that Appellants’ assertion of a general correlation is wrong.

To determine if there is a correlation between changes in mRNA and changes in protein
levels, one would have to conduct experiments where a measurable change in mRNA for a
particular gene is observed, and then examine if there was a corresponding change in the level of
the corresponding protein. Stated differently, if there was no substantial change in mRNA levels
for a particular gene, one cannot measure a correlation between changes in mRNA and changes

in the encoded protein for that gene. Therefore, one must know if the individual genes studied
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by Chen were differentially expressed to know if the observed lack of correlation has any
relevance to Appellants’ assertions of a general correlation between changes in mRNA and
protein.

Importantly, unlike Appellants, Chen did not examine differences in mRNA between
tumor and normal tissue where one would expect to find substantial changes in the level of
mRNA for certain genes. Instead, Chen merely selected proteins whose identity could be

determined regardless of any changes in expression level. Chen at 306, right column. Therefore,

it is not known if there was any substantial difference in mRNA levels for the various studied
genes across samples — in short, with the exception of the genes in Figures 2A-2C, it is not
known if the genes examined were differentially expressed. Also of significance for Appellants’
asserted utility is the fact that Chen did not attempt to examine any differential expression
between the cancerous lung samples and the non-cancerous lung samples — Chen did not
distinguish between cancer and normal samples in their analysis. Since almost all samples tested
by Chen were from the same type of tissue, one would expect most genes examined by Chen to
have similar mRNA or protein levels across the samples. In the absence of substantial
differential expression, no correlation would be observed. Because it is not known if there was a
change in the level of the genes studied by Chen, i.e. whether they were differentially expressed,
the lack of an observed correlation cannot be used to counter Appellants’ assertion.

In sum, the only data reported by Chen which shows substantial changes in the
expression of mRNA, Figures 2A-C, confirms Appellants® assertion that substantial changes in
mRNA levels (e.g., 2-fold or greater) will correspond to substantial changes in polypeptide
expression. Further, these data explain the lack of observed correlation between mRNA levels
and protein levels for other genes reported by Chen — there is no indication the genes are
differentially expressed. Thus, Chen’s results do not refute Appellants’ position. Instead, Chen
supports Appellants’ position that a significant correlation between mRNA and protein levels
exists for changes in mRNA levels that are 2-fold or greater.

In further support of Appellants’ position, Chen cites Celis e al. (FEBS Lett., 480:2-16

(2000)) stating that the authors “found a good correlation between transcript and protein levels

among 40 well resolved, abundant proteins using a proteomic and microarray study of bladder
cancer.” Chen at 311, first column (emphasis added). As mentioned above, the lack of a

correlation across genes is not relevant to Appellants’ asserted utility, as the Examiner has
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apparently acknowledged, and therefore Chen’s discussion of this issue and citation of Anderson
and Seilhamer (Electrophoresis, 18:533-37 (1997)) and Gygi et al. (Mol. Cell. Bio., 19:1720-30
(1999)) offer no support for the Examiner’s position.

Given the fact that portions of Chen as well as the relevant references cited by Chen
support Appellants’ position, and the remainder of Chen cannot be relied on as contrary to the
Appellants’ position, the Examiner has failed to establish a prima facie case that one of skill in
the art would doubt Appellants’ asserted utility.

C. Conclusion — Examiner has failed to establish a Prima Facie case that

one of skill in the art would doubt Appellants’ asserted utility

The Examiner has relied on two unsupported arguments in rejecting the pending claims
for lack of utility. First, the Examiner has questioned the sufficiency, reliability and significance
of the data reported in Example 18. Second, the Examiner relies upon Chen er al. to support the
assertion that it cannot be assumed that mRNA levels correlate to protein levels. Appellants
have responded to each of these arguments in turn.

First, Appellants have shown that the data in Example 18 are sufficient to show that
PRO3566 is useful as a cancer diagnostic tool. This assertion is supported by the first Grimaldi
declaration. The Examiner has not provided any substantial reason or evidence for one of skill in
the art to doubt the reliability or usefulness of Example 18, or the facts and conclusions in the
first Grimaldi declaration.

Second, Appellants have shown that portions of Chen et al., as well as some of the
references cited by Chen, actually support Appellants assertion that changes in mRNA levels
generally correlate with changes in the level of the encoded polypeptide. The remainder of Chen
is not reliable enough to offer any support for the Examiner’s position.

Taken together, the Examiner’s arguments are not sufficient to satisfy the Examiner’s
burden to “provide[] evidence showing that one of ordinary skill in the art would reasonably
doubt the asserted utility.” In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir.
1995). The Examiner’s arguments are conclusory statements which are not supported by any
evidence or reasoning which explains why one of ordinary skill in the art would reasonably
doubt the asserted utility. Therefore, the Board should accept the Appellants’ disclosure of
utility. See Ex parte Rubin, 5 U.S.P.Q. 2d 1461 (Bd. Pat. App. & Interf. 1987) (“There is no

factual support in this record for the examiner’s questioning of the denaturation test reported in
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the specification. ... No reason to doubt ‘the objective truth’ of the asserted utility having been
advanced by the examiner, we accept appellant’s disclosure of utility corresponding in scope to

the claimed subject matter.”).

7. Appellants have provided Sufficient Rebuttal Evidence of Utility

“Only after the PTO provides evidence showing that one of ordinary skill in the art would
reasonably doubt the asserted utility does the burden shift to the Appellant to provide rebuttal
evidence.” In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The rebuttal
evidence must be sufficient such that when it is considered as a whole, it is more likely than not
that the asserted utility is true. See In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443,
1444 (Fed. Cir. 1992) (stating that the evidentiary standard to be used throughout ex parte
examination in setting forth a rejection is a preponderance of the evidence, or “more likely than
not” standard). The M.P.E.P. summarizes the standard of proof required:

[T)he Appellant does not have to provide evidence sufficient to establish that an
asserted utility is true “beyond a reasonable doubt.” Nor must the Appellant
provide evidence such that it establishes an asserted utility as a matter of
statistical certainty. Instead, evidence will be sufficient if, considered as a whole,
it leads a person of ordinary skill in the art to conclude that the asserted utility is
more likely than not true. M.P.E.P. at § 2107.02, part VII (emphasis in original,
citations omitted).

Appellants remind the Board that the Federal Circuit has stated that the standard for satisfying
the utility requirement is a low one: “The threshold of utility is not high: An invention is
“useful” under section 101 if it is capable of providing some identifiable benefit. Juicy Whip, Inc.
v. Orange Bang. Inc., 183 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999).

Even if the Examiner has satisfied her burden of presenting a prima facie case of lack of
utility, Appellants have supplied more than enough rebuttal evidence; such that when considered
as a whole, one of skill in the art would conclude that the asserted utility is more likely than not
true. Appellants have provided sufficient evidence that the gene encoding the PRO3566
polypeptide is differentially expressed in certain cancers and can therefore be used as a
diagnostic tool. In addition, Appellants have shown that it is well established in the art that there
is a reasonable correlation between changes in mRNA level and changes in the corresponding
protein level such that one of skill in the art would believe that the PRO3566 polypeptide is also
differentially expressed in certain cancers. Therefore, considering the evidence as a whole, one
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of skill in the art would believe that it is more likely than not that the claimed antibodies are
useful as diagnostic tools for cancer, particularly esophageal and melanoma tumors.

a. Appellants have established that _the gene encoding the PR0O3566

polypeptide is differentially expressed in certain cancers

As discussed above, the Examiner has not provided any evidence to challenge the
reliability and significance of the data in Example 18 which reports that the mRNA for PRO3566
is more highly expressed in normal skin tissue and esophageal tumor tissue compared to
melanoma tumor and normal esophagus tissue, respectively. In contrast to this complete lack of
evidence on the part of the Examiner, Appellants have submitted the first Grimaldi declaration.
That declaration establishes that it is the opinion of an expert in the field who has personal
knowledge of the facts surrounding Example 18 that there is at least a two-fold difference in
mRNA for PRO3566 between the tumor tissue and the counterpart normal tissue, and that the
PRO3566 genes, polypeptides and antibodies are useful for differentiating tumor tissue from
normal tissue. The Examiner has not provided any evidence to challenge the facts and
conclusions of the first Grimaldi declaration in support of Example 18.

Given the disclosure of Example 18 and the supporting first Grimaldi declaration on the
one hand, and the complete lack of any evidence on the other, it is clear that considering the
evidence as a whole, one of skill in the art would conclude that it is more likely than not that the
PRO3566 gene is differentially expressed in esophageal and melanoma tumor tissue compared to
their normal tissue counterparts such that it is useful as a diagnostic tool to distinguish tumor
tissue from normal tissue.

As Appellants explain below, it is more likely than not that the PRO3566 polypeptide is
also differentially expressed in esophageal and melanoma tumor tissue, and can therefore be used
to distinguish tumor tissue from normal tissue. This provides utility for the claimed antibodies to
the PRO3566 polypeptide.

b. Appellants have established that generally there is a correlation between

changes in mRNA expression levels and changes in the expression level

of the encoded protein

Appellants next turn to the second portion of their argument in support of their asserted
utility — that it is well-established in the art that in most cases a change in the level of mRNA for

a particular protein leads to a corresponding change in the level of the encoded protein. Given
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Appellants” evidence of differential expression of the mRNA for the PRO3566 polypeptide in
esophageal and melanoma tumor, it is more likely than not that the PRO3566 polypeptide is
likewise differentially expressed, and therefore the claimed antibodies are useful as diagnostic
tools, particularly for esophageal and melanoma tumor.

In support of the assertion that changes in mRNA are positively correlated to changes in
protein levels, Appellants submitted a second Declaration by J. Christopher Grimaldi, an expert
in the field of cancer biology. As stated in paragraph 5 of the declaration, “Those who work in
this field are well aware that in the vast majority of cases, when a gene is over-expressed...the
gene product or polypeptide will also be over-expressed.... This same principal applies to gene
under-expression.” Second Grimaldi Declaration at Y| 5. Further, “increased mRNA expression
is expected to result in increased polypeptide expression, and the detection of decreased mRNA
expression is expected to result in decreased polypeptide expression.” 1d.

Appellants also submitted the declaration of Paul Polakis, Ph.D. an expert in the field of
cancer biology (attached as Exhibit 3 to Appellants” Amendment and Response to Office Action).
As stated in paragraph 6 of his declaration:

Based on my own experience accumulated in more than 20 years of research,

“including the data discussed in paragraphs 4 and 5 above [showing a positive
correlation between mRNA levels and encoded protein levels in the vast majority

of cases studied in relation to the present invention] and my knowledge of the

relevant scientific literature, it is my considered scientific opinion that for human

genes, an increased level of mRNA in a tumor cell relative to a normal cell

typically correlates to a similar increase in abundance of the encoded protein in

the tumor cell relative to the normal cell. In fact, it remains a central dogma in

molecular biology that increased mRNA levels are predictive of corresponding

increased levels of the encoded protein. (Emphasis added).
Dr. Polakis acknowledges that there are published cases where such a correlation does not exist,
but states that it is his opinion, based on over 20 years of scientific research, that “such reports
are exceptions to the commonly understood general rule that increased mRNA levels are
predictive of corresponding increased levels of the encoded protein.” Polakis Declaration at ) 6.

The statements of Grimaldi and Polakis are supported by the teachings in Molecular
Biology of the Cell, a leading textbook in the field (Bruce Alberts, et al., Molecular Biology of
the Cell (3" ed. 1994) (submitted with Appellants’ submitted with Appellants’ Amendment and
Response to Office Action mailed May 2, 2005 (hereafter “May 2" Response™) as Exhibit 6,
hereinafter “Cell 3" and (4™ ed. 2002) (submitted with Appellants’ May 2" Response as
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Exhibit 7, hereinafter “Cell 4™)). Figure 9-2 of Cell 3" shows the steps at which eukaryotic
gene expression can be controlled. The first step depicted is transcriptional control. Cell 31
provides that “[flor most genes transcriptional controls are paramount. This makes sense
because, of all the possible control points illustrated in Figure 9-2, only transcriptional control
ensures that no superfluous intermediates are synthesized.” Cell 3 at 403 (emphasis added). In

addition, the text states that “Although controls on the initiation of gene transcription are the

predominant form of regulation for most genes, other controls can act later in the pathway from

RNA to protein to modulate the amount of gene product that is made.” Cell 3 at 453 (emphasis
added). Thus, as established in Cell 3" the predominant mechanism for regulating the amount
of protein produced is by regulating transcription.

In Cell 4™, Figure 6-3 on page 302 illustrates the basic principle that there is a correlation
between increased gene expression and increased protein expression. The accompanying text
states that “a cell can change (or regulate) the expression of each of its genes according to the
needs of the moment — most obviously by controlling the production of its mRNA.” Cell 4" at
302 (emphasis added). Similarly, Figure 6-90 on page 364 of Cell 4™ illustrates the path from
gene to protein. The accompanying text states that while potentially each step can be regulated

by the cell, “the initiation of transcription is the most common point for a cell to regulate the

expression of each of its genes.” Cell 4" at 364 (emphasis added). This point is repeated on

page 379, where the authors state that of all the possible points for regulating protein expression,

“Iflor most genes transcriptional controls are paramount.” Cell 4" at 379 (emphasis added).

Further support for Appellants’ position can be found in the textbook, Genes VI,
(Benjamin Lewin, Genes VI (1997)) (submitted with Appellants’ May 2" Response as Exhibit 8)
which states “having acknowledged that control of gene expression can occur at multiple stages,
and that production of RNA cannot inevitably be equated with production of protein, it is clear
that the overwhelming majority of regulatory events occur at the initiation of transcription.”

Genes VI at 847-848 (emphasis added).

Additional support is also found in Zhigang et al., World Journal of Surgical Oncology
2:13, 2004 (submitted with Appellants’ May 2™ Response as Exhibit 9). Zhigang studied the
expression of prostate stem cell antigen (PSCA) protein and mRNA to validate it as a potential
molecular target for diagnosis and treatment of human prostate cancer. The data showed “a high

degree of correlation between PSCA protein and mRNA expression” Zhigang at 4. Of the
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samples tested, 81 out of 87 showed a high degree of correlation between mRNA expression and
protein expression. The authors conclude that “it is demonstrated that PSCA protein and mRNA
overexpressed in human prostate cancer, and that the increased protein level of PSCA was
resulted from the upregulated transcription of its mRNA.” Id. at 6. Even though the correlation
between mRNA expression and protein expression occurred in 93% of the samples tested, not
100%, the authors state that “PSCA may be a promising molecular marker for the clinical
prognosis of human Pca and a valuable target for diagnosis and therapy of this tumor.” /d. at 7.

Further, Meric et al., Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), (submitted
with Appellants’ May 2™ Response as Exhibit 10), states the following:

The fundamental principle of molecular therapeutics in cancer is to exploit the
differences in gene expression between cancer cells and normal cells...[M]ost
efforts have concentrated on identifying differences in gene expression at the
level of mRNA, which can be attributable to either DNA amplification or to
differences in transcription. Meric et al. at 971 (emphasis added).

Those of skill in the art would not be focusing on differences in gene expression between cancer
cells and normal cells if there were no correlation between gene expression and protein
expression.

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the
excerpts and references discussed above all establish that the accepted understanding in the art is
that there is a reasonable correlation between changes in gene expression and changes in the
level of the encoded protein. In contrast to this substantial amount of evidence supporting
Appellants’ position, the Examiner has cited a single reference, Chen er al. However, as
discussed above, portions of Chen and the relevant references cited by Chen actually support
Appellants’ position, and the remainder of Chen is inconclusive. Itis clear that when considered
as a whole, the preponderance of the evidence clearly weighs in favor of Appellants.

Appellants have presented sufficient evidence to establish that the mRNA for PRO3566
is differentially expressed in esophageal and melanoma tumors compared to their normal tissue
counterparts, and that it is more likely than not that this leads to differential expression of the
PRO3566 polypeptide. This makes the claimed antibodies to PRO3566 polypeptide useful for
diagnosing cancer, particularly esophageal and melanoma tumors. Given the overwhelming

amount of evidence in support of Appellants’ position, and the near absence of any evidence in
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support of the Examiner’s position, when considered as a whole the evidence leads a person of

ordinary skill in the art to conclude that the asserted utility is more likely than not true.

8. The Courts have held that the Utility Requirement was Satisfied in Similar

Cases

The seminal decision interpreting the utility requirement of 35 U.S.C. § 101 is Brenner v.
Manson, 383 U.S. 519, 148 U.S.P.Q. 689 (1966). At issue in Brenner was a claim to “a
chemical process which yields an already known product whose utility — other than as a possible
object of scientific inquiry — ha[d] not yet been evidenced.” Id. at 529, 148 U.S.P.Q. at 693. The
Patent Office rejected the claimed process for lack of utility because the product produced by the
claimed process had no known use. See id. at 521-22, 148 U.S.P.Q. at 690. On appeal, the Court
of Customs and Patent Appeals reversed, holding “where a claimed process produces a known
product it is not necessary to show utility for the product.” /d. at 522, 148 U.S.P.Q. at 691.

In reviewing the lower court’s decision, the Court made its oft quoted statement that
“[tJhe basic quid pro quo contemplated by the Constitution and the Congress for granting a
patent monopoly is the benefit derived by the public from an invention with substantial utility.
Unless and until a process is refined and developed to this point — where specific benefit exists in
currently available form — there is insufficient justification for permitting an Appellant to engross
what may prove to be a broad field.” /d. at 534-35, 148 U.S.P.Q. at 695.

The first opinion of the C.C.P.A. applying Brenner was In re Kirk, 376 F.2d 936, 153
U.S.P.Q. 48 (C.C.P.A. 1967). The invention claimed in Kirk was a set of steroid derivatives said
1o have valuable biological properties and to be of value “in the furtherance of steroidal research
and in the application of steroidal materials to veterinary or medical practice.” Id. at 938, 153
U.S.P.Q. at 50. In affirming the claim rejection based on a lack of utility, the court held that the

73

“nebulous expressions ‘biological activity’ or ‘biological properties’ did not adequately convey
how to use the claimed compounds. /d. at 941, 153 U.S.P.Q. at 52. The court also rejected
Appellants’ supporting affidavit, stating, “the sum and substance of the affidavit appears to be
that one of ordinary skill in the art would know ‘how to use’ the compounds to find out in the
first instance whether the compounds are — or are not — in fact useful or possess useful properties,

and to ascertain what those properties are.” Id. at 942, 153 U.S.P.Q. at 53.
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Since these early decisions, the courts have continued to clarify what is sufficient to
satisfy the utility requirement. Three more recent decisions are of particular relevance to the
instant application: Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. 881 (C.C.P.A. 1980), Cross v.
lizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 (Fed. Cir. 1985), and Fujikawa v. Wattanasin, 93 F.3d
1559, 39 U.S.P.Q. 2d 1895 (Fed. Cir. 1996).

The earliest of these cases, Nelson v. Bowler, involved an interference between two
applications related to derivatives of naturally occurring prostaglandins (PG). Nelson, 626 F.2d
at 854-55. The issue was whether Nelson had shown at least one utility for the compounds at
issue to establish an actual reduction to practice. Id. at 855. The Appellants relied on two tests
to prove practical utility: an in vivo rat blood pressure (BP) test and an in vitro gerbil colon
smooth muscle stimulation (GC-SMS) test. In the BP test, the blood pressure of anesthetized
rats was recorded on a polygraph chart to determine whether an injected compound had any
effect. Responses were categorized as either a depressor (lowering) effect or a pressor
(elevating) effect. /d. In the GC-SMS test a section of colon was excised from a freshly-killed
gerbil for suspension in a physiological solution, and a lever arm was connected to the colon in
such a way that any contraction was recorded as a polygraph trace. /d. The Board held that
Nelson had not shown adequate proof of practical utility, characterizing the tests as “rough
screens, uncorrelated with actual utility.” /d. at 856.

On appeal the C.C.P.A. reversed, holding that the Board “erred in not recognizing that
tests evidencing pharmacological activity may manifest a practical utility even though they may
not establish a specific therapeutic use.” /d. The Court stated that “practical utility” was
characterized as a use of the claimed discovery in a manner which provides some immediate
benefit to the public, establishing the following rule:

Knowledge of the pharmacological activity of any compound is obviously
beneficial to the public. It is inherently faster and easier to combat illnesses and
alleviate symptoms when the medical profession is armed with an arsenal of
chemicals having known pharmacological activities. Since it is crucial to provide
researchers with an incentive to disclose pharmacological activities in as many
compounds as possible, we conclude that adequate proof of any such activity
constitutes a showing of practical utility. /d. (emphasis added).

The Court rejected Bowler’s argument that the BP and GC-SMS tests are inconclusive
showings of pharmacological activity since confirmation by statistically significant means did

not occur until after the critical date. The Court stated that “a rigorous correlation is not
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necessary where the test for pharmacological activity is reasonably indicative of the desired

response.” Id. (emphasis added). The Court concluded that a “reasonable correlation” between

the observed properties and the suggested use was sufficient to establish practical utility. /d. at
857.

The sufficiency of a “reasonable correlation” in establishing utility was affirmed by the
Court of Appeals for the Federal Circuit in Cross v. lizuka, 753 F.2d 1040, 224 U.S.P.Q. 739
(Fed. Cir. 1985). In Cross, the subject of the interference before the Court was imidazole
derivative compounds which inhibit the synthesis of thromboxane synthetase, an enzyme which
leads to the formation of thromboxane A,. At the time the applications were filed,
thromboxane A, was postulated to be involved in platelet aggregation, which was associated
with several deleterious conditions. /d. at 1042.

The question before the Board and reviewed by the Court was whether lizuka was
entitled to the benefit of his Japanese priority application. /d  The Japanese application
disclosed that the imidazole derivatives showed strong inhibitory action for thromboxane
synthetase from human or bovine platelet microsomes, an in vitro utility. Id. at 1043. Relying in
part on Nelson, the Board held that tests evidencing pharmacological activity may manifest a
practical utility even though they may not establish a specific therapeutic use, and concluded that
the in vitro tests were sufficient to establish a practical utility. /d.

On appeal, Cross argued that the basic in vitro tests conducted in cellular fractions did not
cstablish a practical utility for the claimed compounds, and that more sophisticated in vitro or in
vivo tests were necessary to establish a practical utility. /d. at 1050. The Court rejected this
argument, noting that adequate proof of any pharmaceutical activity constitutes a showing of
practical utility. /d. The Court accepted the argument that initial testing of compounds is widely
done in vitro:

[/]n vitro results...are generally predictive of in vivo test results, i.e., there 1s a
reasonable correlation therebetween. Were this not so, the testing procedures of
the pharmaceutical industry would not be as they are. lizuka has not urged, and
rightly so, that there is an invariable exact correlation between in vitro test results
and in vivo test results. Rather, lizuka’s position is that successful in vitro testing
for a particular pharmacological activity establishes a significant probability that
in vivo testing for this particular pharmacological activity will be successful. /1d.
(emphasis added).
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The Court also noted that in previous decisions, its predecessor court had accepted
evidence of in vivo utility as sufficient to establish practical utility. The Court reasoned that:

This in vivo testing is but an intermediate link in a screening chain which may
eventually lead to the use of the drug as a therapeutic agent in humans. We
perceive no insurmountable difficulty, under appropriate circumstances, in finding
that the first link in the screening chain, in vitro testing, may establish a practical
utility for the compound in question. Successful in vitro testing will marshal
resources and direct the expenditure of effort to further in vivo testing of the most
potent _compounds, thereby providing an immediate benefit to the public,
analogous to the benefit provided by the showing of an in vivo utility. /d. at 1051,
citing Nelson, 626 IF.2d at 856 (emphasis added).

Based on this reasoning, the Court affirmed the decision of the Board, stating that “based

upon the relevant evidence as a whole, there is a reasonable correlation between the disclosed in

vitro utility and an in vivo activity, and therefore a rigorous correlation is not necessary where

the disclosure of pharmacological activity is reasonable based upon the probative evidence.” Id.
at 1050 (emphasis added). The Court therefore held that the disclosed in vitro utility was
“sufficient to comply with the practical utility requirement of § 101.” /Id. at 1051.

The holdings of Nelson and Cross were more recently affirmed in Fujikawa v.
Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996). In Fujikawa, the Court again
affirmed the notion that initial screens of compounds provide a practical utility even though they
may not provide a therapeutic use because “*[i]t is inherently faster and easier to combat
illnesses and alleviate symptoms when the medical profession is armed with an arsenal of
chemicals having known pharmacological activities.”” Id. at 1564, quoting Nelson, 626 F.2d at
856. The Court noted that it may be difficult to predict whether novel compounds will exhibit
pharmacological activity, and consequently testing is often required to establish practical utility.
Id. However the Court went on to state:

But the test results need not absolutely prove that the compound is
pharmacologically active. All that is required is that the tests be “reasonably
indicative of the desired [pharmacological] response.” In other words, there must
be a_sufficient correlation between the tests and an asserted pharmacological
activity so as to convince those skilled in the art, to a reasonable probability, that
the novel compound will exhibit the asserted pharmacological behavior.” Id.
(internal citations omitted, underline emphasis added, italics in original).

On appeal, Fujikawa argued that Wattanasin had failed to establish an adequate

correlation between the in vitro and in vivo results to permit Wattanasin to rely on positive in
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vitro results to establish a practical utility. The Court stated that the Board relied on testimony
from those skilled in the art that the in vitro results convinced the experts that the claimed
compounds would exhibit the desired pharmacological activity when administered in vivo,
including testimony that in vivo activity is typically highly correlatable to a compound’s in vitro
activity in the field. /d at 1565. To overcome this cvidence and counter the Board’s decision,
FFujikawa pointed to the testimony of its expert that “there is a reasonable element of doubt that
some elements may be encountered which are active in the in vitro assay, but yet inactive in the
in vivo assay.” Id.

The Court rejected this argument: “Of course, it is possible that some compounds active
in vitro may not be active in vivo. But, as our predecessor court in Nelson explained, a ‘rigorous

correlation’ need not be shown in order to establish practical utility; ‘reasonable correlation’

suffices.” Id (emphasis added). The Court also rejected Fujikawa’s reliance on two articles.
The Court noted that while one article taught that “in vitro testing is sometimes not a good
indicator of how potent a compound will be in vivo, it does imply that compounds which are
active in vitro will normally exhibit some in vivo activity.” Id. at 1566. Similarly, the Court
noted that the second article expressly stated that “[f]or most substances, although not for all, the
relative potency determined in in vitro ... parallels the in vivo activity.” 1d.

The Court concluded that the facts in the case were analogous to the ones in Cross where
the court relied on a known reasonable correlation between in vitro tests and in vivo activity, and
therefore affirmed the Board’s decision that Wattanasin had established a practical utility with
the in vitro results. Id. at 1565-66. A

The Nelson, Cross, and Fujikawa cases are very similar to the present case. The
reasoning of the courts in all three cases that “‘[i]t is inherently faster and easier to combat
illnesses and alleviate symptoms when the medical profession is armed with an arsenal of
chemicals having known pharmacological activities’™ applies to the asserted utility for the
claimed antibodies. Fujikawa, 93 F.3d at 1564, quoting Nelson, 626 F.2d at 856; see also Cross,
753 F.2d at 1051 (“Successful in vitro testing will marshal resources and direct the expenditure
of effort to further in vivo testing of the most potent compounds, thereby providing an immediate
benefit to the public, analogous to the benefit provided by the showing of an in vivo utility.”).
Like pharmaceutical compounds, nucleic acids, polypeptides, and antibodies which are

associated with cancer will make it inherently faster and easier to combat cancer. The greater the
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number of biological markers of cancer medical professionals have access to, the more accurate
and detailed a diagnosis they can make. The determination that a gene is differentially expressed
in cancer constitutes at least as significant a development in the field of cancer diagnostics as in
vitro screening for pharmaceutical activity. See Cross, 753 F.2d at 1051 (“the first link in the
screening chain, in vitro testing, may establish a practical utility for the compound in question.
Successful in vitro testing will marshal resources and direct the expenditure of effort to further in
vivo testing of the most potent compounds, thereby providing an immediate benefit to the
public.™).

In addition, like in vitro tests in the pharmaceutical industry, those of skill in the field of
biotechnology rely on the reasonable correlation that exists between gene expression and protein
expression (see discussion supra). Were there no reasonable correlation between the two, the
techniques that measure gene levels such as microarray analysis, differential display, and
quantitative PCR would not be so widely used by those in the art. See Second Grimaldi
Declaration at § 5. As in Cross, Appellants here do not argue that there is “an invariable exact
correlation” between gene expression and protein expression. See Cross, 753 F.2d at 1050.
Instead, Appellants’ position detailed above is that a measured change in gene expression in
cancer cells establishes a “significant probability” that the expression of the encoded polypeptide
in cancer will also be changed based on “a reasonable correlation therebetween.” ld.; see also
Fujikawa, 93 F.3d at 1565 (*a ‘rigorous correlation’ need not be shown in order to establish
practical utility; ‘reasonable correlation’ suffices™); Nelson, 626 F.2d at 857 (holding that “a
rigorous correlation is not necessary” and that a “reasonable correlation” will suffice).

Also of importance is the Court’s rejection of the notion that any in vitro testing must be
statistically significant to support a practical utility. Nelson, 626 F.2d at 857. Likewise,
qualitative characterizations of a test compound as either increasing or decreasing blood pressure
was acceptable. Id éu 855 (stating that responses were categorized as either a depressor
(lowering) effect or a pressor (elevating) effect). This is similar to the data in Example 18,
where the change in mRNA levels is described as “more highly expressed.”

There are additional similarities. In Fujikawa, the Board and Court rejected the argument
that there was no utility because there was no exact correlation between the in vitro and in vivo
results in spite of supporting testimony and references. Fujikawa, 93 F.3d at 1565-66. Like the

two references rejected by the Board and Court in Fujikawa, the Chen e al. reference cited by
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the Fxaminer may suggest that the correlation between changes in mRNA levels and protein
levels is not exact. But like Fujikawa, portions of Chen et al. also support Appellants’ assertion,
and Appellants have submitted the declaration of two experts in the field which state that those in
the field rely on the correlation between changes in mRNA and protein. See Second Grimaldi
Declaration at § 5; Polakis Declaration at § 6. Thus, as was the case in Fyjikawa, although there
may be some evidence that the correlation relied on is not exact, the declarations and numerous
references submitted by Appellants is more than enough evidence to establish that there is a
“reasonable correlation” between changes in mRNA levels and changes in the level of the
encoded protein.

In conclusion, Appellants have asserted that the claimed antibodies are useful for the
diagnosis of cancer, particularly esophageal and skin cancer based on the data in Example 18.
This utility is far beyond the nebulous expressions “biological activity” or “biological properties™
rejected in In re Kirk, 376 F.2d 936, 153 U.S.P.Q. 48 (C.C.P.A. 1967). Like Nelson, Cross, and
Fujikawa, Appellants have asserted a utility which relies on a reasonable correlation between the
data disclosed in the application and the asserted utility. The fact that there may be limited
evidence that the correlation is not exact does not invalidate Appellants’ showing of utility since
the correlation need not be a rigorous or exact one. Considering the relevant evidence as a whole,
Appellants have provided sufficient evidence to establish a reasonable correlation between
changes in the level of mRNA and corresponding changes in the level of the encoded
polypeptide. Therefore the claimed antibodies have a practical utility as diagnostic tools for

esophageal and skin cancer.

9, Utility — Conclusion

Appellants® asserted utility for the claimed antibodies as diagnostic tools for cancer
corresponds in scope to the subject matter sought to be patented and therefore “must be taken as
sufficient to satisty the utility requirement of § 101 for the entire claimed subject.” [n re Langer,
503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). The Examiner’s unsupported
arguments and single inconclusive reference are not sufficient evidence to make a prima facie
showing that “one of ordinary skill in the art would reasonably doubt the asserted utility.” /n re
Brana, 51 ¥.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). And even if the Examiner has

established a prima facie case, Appellants have offered sufficient rebuttal evidence in the form of
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expert declarations and references, which, when considered as a whole, establish that it is more
likely than not that the asserted utility is true. See In re Oetiker, 977 F.2d 1443, 1445, 24
U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992) (stating that the evidentiary standard to be used
throughout ex parte examination in setting forth a rejection is a preponderance of the evidence,
or “more likely than not” standard); M.P.£.P. at § 2107.02, part VII (“evidence will be sufficient
if, considered as a whole, it leads a person of ordinary skill in the art to conclude that the asserted

utility is more likely than not true.”) (emphasis in original). Finally, the courts’ decisions in

similar cases make clear that the evidence provided by Appellants is sufficient to establish the
asserted utility. The evidence does not need to be direct evidence, nor does it need to provide an
exact correlation between the submitted evidence and the asserted utility. Instead, evidence
which is “reasonably” correlated with the asserted utility is sufficient. See Fujikawa, 93 F.3d at
1565 (“a ‘rigorous correlation’ need not be shown in order to establish practical utility;
‘reasonable correlation’ suffices™); Cross, 753 F.2d at 1050 (same); Nelson, 626 F.2d at 857
(same). Considering the evidence as a whole in light of the relevant cases, the Board should find
that Appellants have established at least one specific, substantial, and credible utility, and the

Examiner’s rejection of the pending claims as lacking utility should be reversed.

C. Enablement Rejection

The second issue before the Board is whether Appellants have enabled the pending
claims such that one of skill in the art would be able to make and use the claimed invention. The
Examiner has rejected Claims 1-5 under 35 U.S.C. §112, first paragraph, arguing that because
the claimed invention is not supported by either a specific or substantial asserted utility or a well-
established utility, one skilled in the art clearly would not know how to use the claimed invention.

See First Office Action at 4; Final Office Action at 5; Advisory Action at 2.

1. Because the Claimed Invention is Supported by a Specific, Substantial and

Credible Utility, the Enablement Rejection should be Reversed

For the reasons stated above, the claimed invention is supported by a specific, substantial
and credible utility. Because the lack of a supporting utility is the only basis for the Examiner’s
rejection under 35 U.S.C. § 112, first paragraph, the Board should reverse the rejection of Claims

1-5 as lacking enablement.
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D. Conclusion
In view of the arguments presented above, Appellants submit that the specification as
filed provides a specific, substantial and credible utility for the claimed antibodies and request
withdrawal of the rejection under 35 U.S.C. §101, and the related rejection under 35 U.S.C. §112.
Please charge any additional fees, including any fees for additional extension of time, or

credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: )'/Q?/O(o By: %/ 7 772.&"_7\,/

Marc T. Morley
Registration No. 52,051
Attorney of Record
Customer No. 30,313
(619) 235-8550

2294545
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APPENDIX A — CLAIMS ON APPEAL

1.

I

w B

An isolated antibody that specifically binds to the polypeptide of SEQ ID NO: 64.
The antibody of claim 1 which is a monoclonal antibody.

The antibody of claim 1 which is a humanized antibody.

The antibody of claim 1 which is an antibody fragment.

The antibody of claim 1 which is labeled.
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IX. APPENDIX B - EVIDENCE

Attached hereto is a copy of the evidence cited in Appellants’ Brief. The list of evidence
below is accompanied by a statement setting forth where in the record that evidence was entered

into the record by the Examiner.

Tab  Reference

Submitted

Entered

1 Second Declaration of

J. Christopher Grimaldi

2 Chen et al. (Molecular
and Cellular
Proteomics, 1:304-313
(2002)

First Declaration of J.
Christopher Grimaldi

(oS

4 U.S. Patent No.

6,414,117

5 U.S. Patent No.
6,124,433

6 Declaration of Paul

Polakis, Ph.D.

7 Bruce Alberts, ¢t al.,
Molecular Biology of
the Cell (3™ ed. 1994)

8 Bruce Alberts, ef al.,
Molecular Biology of
the Cell (4" ed. 2002)

Originally submitted with
Appellants’ 1* Amendment
and Response to Office
Action as Exhibit 2

Originally submitted with
Appellants’ 1** Amendment
and Response to Office
Action as Exhibit |

Originally submitted with
Appellants’ After Final
Amendment as Exhibit 7

Originally submitted with
Appellants’ After Final
Amendment as Exhibit 8

Originally submitted with
Appellants’ 1 Amendment
and Response to Office
Action as Exhibit 3

Originally submitted with
Appellants’ After Final
Amendment as Exhibit 2

Originally submitted with

Appellants’ Afier Final
Amendment as Exhibit 3
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Entered by Examiner in Final
Office Action

Cited by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action
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9 Benjamin Lewin,
Genes VI (1997)

10 Zhigang et al., World
Journal of Surgical
Oncology 2:13, 2004

11 Meric et al., Molecular
Cancer Therapeutics,
vol. 1, 971-979 (2002)

Originally submitted with
Appellants’ After Final
Amendment as Exhibit 4

Originally submitted with
Appellants’ After Final
Amendment as Exhibit 5

Originally submitted with
Appellants™ After Final
Amendment as Exhibit 6

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action

Entered by Examiner in Final
Office Action
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X. APPENDIX C — RELATED PROCEEDINGS

None — there are no decisions rendered by a court or the Board in any related proceedings

identified above.
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: . Eaton, et al.

Appl. No. : 10/063,557

Filed : May 2, 2002

For :  SECRETED AND
TRANSMEMBRANE
POLYPEPTIDES AND NUCLEIC
ACIDS ENCODING THE SAME

Examiner :  David J. Blanchard

Group Art Unit : 1642

DECLARATION OF J. CHRISTOPHER GRIMALDI, UNDER 37 C.F.R. §1.132

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

I, J. Christopher Grimaldi, declare and say as follows:

1. I am a Senior Research Associate in the Molecular Blology Department of
Genentech, Inc., South San Francisco, CA 94080. :

2. I joined Genentech in January of 1999. From 1999 to 2003, I directed the Cloning
Laboratory in the Molecular Biology Department. During this time I directed or performed
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR)
analyses. I am currently involved in, among other projects, the isolation of genes coding for
membrane associated proteins which can be used as targets for antibody therapeutics against
cancer. In connection with the above-identified patent application, I personally performed or
directed the semi-quantitative PCR analyses in the assay entitled “Tumor Versus Normal
Differential Tissue Expression Distribution” which is described in EXAMPLE 18 in the
specification that were used to identify differences in gene expression between tumor tissue and
their normal counterparts.

3. My scientific Curriculum Vitae, including my list of publications, is attached to
and forms part of this Declaration (Exhibit A).

4. In differential gene expression studies, one looks for genes whose expression levels
differ significantly under different conditions, for example, in riormal versus diseased tissue.
-1-
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are
important markers of specific types of cancer and lead to- the aberrant expression of specific
genes and their encoded polypeptides, including over-expression and under-expression. For
example, gene amplification is a process in which specific regions of a chromosome are
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy.
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition,
chromosomal translocations occur when two different-chromosomes break and are rejoined to
each other chromosome resulting in a chimeric chromosome which displays a different expression
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu
[Singleton et al., Pathol. Annu., 27Pt1:165-190], or chromosomal translocations such as t(5;14),
(Grimaldi et al., Blood, 73(8):2081-2085(1989); Meeker et al., Blood, 76(2):285-289(1990)] give
~ cancer cells a growth or survival advantage relative to normal cells, and might also provide a
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for
cancer therapy, for example, by the therapeutic antibody approach. 4

5. Comparison of gene expréssion levels in normal versus diseased tissue bas
important implications both diagnostically and therapeutically. For example, those who work in
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as

“evidenced by an increased production of mRNA, the gene product or polypeptide will also be

over-expressed. It is unlikely that one identifies increased mRNA expression without associated
increased protein expression. This same principle applies to gene under-expression. When a
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another
way, two cell samples which have differing mRNA concentrations for a specific gene are
expected to have correspondingly different concentration of protein for that gene. Techniques
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization,
- quantitative PCR, Tagman, and more recently Microarray technology all rely on the dogma that a
change in mRNA will represent a similar change in protein. If this dogma did not hold true then
these techniques would have little value and not be so widely used. The use of mRNA
quantitation techniques have identified a seemingly endless number of genes which are
differentially expressed in various tissues and these genes have subsequently been shown to have
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA
expression is expected to result in increased polypeptide expression, and the detection of
decreased mRNA expression is expected to result in decreased polypeptide expression. The
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and
freatment.

6. However, even in the rare case where the protein expression does not correlate
with the mRNA expression, this still provides significant information useful for cancer diagnosis
and treatment. For example, if over- or under-expression of a gene product does not correlate
with over- or under-expression of mRNA in certain tumor types but does so in others, then
identification of both gene expression and protein expression enables more accurate tumor
classification and hence better determination of suitable therapy. In addition, absence of over- or

-
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"under-expression of the gene product in the presence of a particular over- or under-expression of
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed
but the corresponding gene product is not significantly over-expressed, the clinician accordingly
will decide not to treat a patient with agents that target that gene product.

7. I hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information or belief are believed to be true, and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United: States
Code and that such willful statements may jeopardize the validity of the application or any
patent issued thereon. ' :

By: '/47 Vol | ]j;.;e; g‘ /V)iwi

1 . Chyistopher Grimaldi

SADOCS\AOK\APK-5479.DOC
071904 '
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'J. Christopher Grimaldi
1434-36" Ave.
San Francisco, CA 94122
(415) 681-1639 (Home)

EDUCATION University of California, Berkeley
Bachelor of Arts in Molecular Biology, 1984

EMPLOYMENT EXPERIENCE

SRA Genentech Inc., South San Francisco; 1/99 to present

Previously, was responsible to direct and manage the Cloning Lab. @urrently focused on,
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the
Immunology Department. Directed a lab of 6 scientists focused on a company-wide tearn effort
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project
my duties were, among other things, the critically important coordination of the cloning of
thousands of putative genes, by developing a smooth process of communication between the
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to
discover novel genes through the Curagen project, a unique differential display methodology.
Interacted extensively with the Legal team providing essential data needed for filing patents on
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed,
implemented and patented high throughput cloning methodologies that have proven to be
essential for the isolation of hundreds of novel genes for the SPD], TAP and Curagen projects as
well as dozens of other smaller projects.

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99

Involved in multiple projects aimed at-understanding novel genes discovered through
bioinformatics studies and functional assays. Developed and patented a method for the specific
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented
essential technical methodologies and provided strategic direction in the areas of expression,
cloning, protein purification, general molecular biology, and monoclonal antibody production.
Trained and supervised numerous technical staff.

Facilities
Manager Corixa, Redwood City; 5/89 - 7/91.

Directed plant-related activities, which included expansion planning, maintenance, safety,
purchasing, inventory control, shipping and receiving, and laboratory management. Designed
and implemented the safety program. Also served as liaison to regulatory agencies at the local,
state and federal level. Was in charge of property leases, leasehold improvements, etc.
Negotiated vendor contracts and directed the purchasing department. Trained and supervised
personnel to carry out the above-mentioned duties.



SRA University of California, San Francisco
Cancer Research Institute; 2/87-4/89,

Was responsnble for numerous cloning projects including: studies of somatic hypermutation,
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(11;14), and t(8;14)
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14)
translocation in leukemia patients..

Research
Technician Berlex Biosciences, South San Francisco; 7/85-2/87.

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and
characterizing and-expressing clones in E. coli. Also constructed a general purpose expression
vector for use by other scientific teams.

PUBLICATIONS

1. Hilary F. Clark, et al. “The Secreted Protein Discovery Initiative (SPDI), a Large-scale
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics
assessment.” Genome Res. Vol 13(10), 2265-2270, 2003

2. Sean H. Adams, Clarissa Chui’ Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J.
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman’ "BFIT,
-a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning,
organization of the humanb gene and assessment of a potential link to obesity” Biochemical
Journal, Vol 360, 135-142, 2001

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T,
Yaansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley
CW, Schwall RH, Eberhard DA, Rastelli L, Polakis.P, and Pennica D. “Overexpression of -«
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation
by Wnt-1 and Retinoic Acid.” Cancer Research Vol. 61(10), 4197-4205, 2001

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar,
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as “Grimaldi, CJ”), Franklin
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. “Gene Expression
Profiling in an in Vitro Model of Angiogenesis.” American Journal of Pathology Vol 156(6),
1887-1900, 2000.

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. “Depletion of eosinophils in
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of
Leukocyte Biology; Vol. 65(6), 846-53, 1999

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. “Independently ligating CD38 and Fc
gammaRIIB relays a dominant negative signal to B cells.” Hybridoma Vol. 18(2), 113-9,
1999
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15.
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17.
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Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffner H, Randall TD, Lund FE,
Murray R, Schuber F, Howard MC. “Mice deficient for the ecto-nicotinamide adenine
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses.” Blood Vol.
92(4), 1324-33, 1998

Frances E. Lund, Nanette W, Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C.
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995

‘M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles,' J. C. Grimaldi, F. Lee, T.

McClanahan. "A new approach to the study of haematopoietic development in the yolk sac
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995

J. Christopher Grimaldi, Sriram Balasubramanian, J. Fernando Bazan, Armen Shanafelt,
Gerard Zurawski and Maureen Howard. "CD38-mediated protein ribosylation." Journal of
Immunology,Vol. 155(2), 811-817, 1995

Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38

unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995

Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, Vol.
16(10), 469-473, 1995

Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee.
“Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen
CD38." Science, Vol. 262, 1056-1059, 1993

Nobuyuki Harada, Leopoldae:Santos-Argumedo, Ray Chang, J. Christopher Grimaldi, Frances
Lund, Camilynn L. Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E.
Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol.
151, 3111-3118, 1993

David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J.
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993

J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark,
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992

Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaptan, Brian Herndier, Henry Sanchez, J.
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Feigal, Mark Rosenblum and
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV-Associated Lymphoma:
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19.
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Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma."
AIDS, Vol. 5, 669-674, 1991

Ann Grirnaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to
Current Protocols in Molecular Biology, Supplement 5, Winter 1989

J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989

Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the
BCL-1 Locus Associated with the t(11;14) (q13;q32) Translocation of B-Lymphocytic
Malignancy." Blood, Vol. 74, 1801-1806, 1989

Timothy C. Meeker, J. Christopher Grimaldi, Robert ORourke, et al. "Lack of Detectable.
Somatic Hypermutation in the V Region of the Ig. H Chain Gene of a Human Chronic B
Lymphocytic Leukemia." The Journal of Immunology, Vol. 141, 3994-3998, 1988
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The t(5;14) Chromosomal Translocation in a Cése of Acute Lymphocytic
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene

By J. Christopher Grimaldi and Timothy C. Meeker

Chromosomal translocations have proven to be important
markers of the geneti¢ abnormalities central to the patho-
gonesis of cancer. By cloning chromosomal breakpoints
one can identify activated proto-oncogenes. We have stud-
jed & case of B-lineage acute lymphocytic leukemia (ALL}
that was associated with peripheral blood eosinophilia. The
chromosomal translocation t(6:14} (q31:q32)} from this
sample was cloned and studisd at the molecular level. This

ARYOTYPIC STUDIES of leukemia and Jymphoma
have identified frequent nonrandom chromosomal
translocations. Some of these translocations juxtapose the
immunoglobulin heavy chain (IgH) gene with important

Fig 1. DNA blots of the loukemia sampla, The restriction
fragment pattern of normal human DNA (N) and the leukemia
samplo (L] were compared using a human Jh probe. Rearranged
bands are indicated by arrows. Sample L exhibits a singte rear-
ranged band with both Hind Hi/EcoRl and Sau3A restriction
digests. The rearranged bands are less intense than the other
bands becsuse the majority of cells in the sample represent normal
bane marrow elemonts.

Blood, Vol 73, No 8 (June), 1989: pp 2081-2085

translocation joined the immunoglobulin heavy chain join-
ing (Jh) region to the promotor region of the interleukin-3
(IL-3) gene in opposite transcriptional orientations. The
data suggest that activation of the IL-3 gene by the
enhancer of the immunoglobulin heavy chain gene may play
a central role in the pathogenesis of this leukemia and the
associated eosinophilia.

© 1989 by Grune & Stratton, Inc.

protooncogenes, such as ¢-myc and bel-2.'? In this way, the
IgH gene can activate proto-oncogenes, resulting in disor-
dered gene expression and a step in the development of
cancer. The investigation of additional nonrandom transloca-
tions into the IgH locus allows us to identify new genes
promating the generation, of leukemia and lymphoma.

A distinct subtype of acute lymphocytic leukemia (ALL)
has been characterized by B-lineage phenotype, associated
eosinophilia in the peripheral blood, and a t(5;14){q31;q32)
chromosomal translocation® This syndrome probably
occurs in <1% of all patients with ALL. We hypothesized
that the cloning of the translocation characteristic of this
feukemia might allow the identification of an important gene
on chromosome S that plays a role in the evolution of this
disease. In this report we demonstrate that the interleukin-3

gene (IL-3) and the IgH gene are joined by this transloca-
tion.

MATERIALS AND METHODS

Sample and DINA blots. A bone marrow aspirate from a repre-
sentative patient with ALL (Lt morphology by French-American-
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per
microliter with a normal value of <350 per microliter) and a
1(5;14){q31;q32) translocation was studied. Using published meth-
ods, genomic DNA was isolated and DNA blots were made.® Briefly,
10 ug of high molecular weight (mol wt) DNA were digested using
an appropriate restriction enzyme and electrophoresed on a 0.8%
agarose gel. The gel was stained with ethidium bromide, photo-
graphed, denatured, neutralized, and transferred to Hybond (Amer-
sham, Arlington Hcights, IL). After trecatment of the filter with
ultraviolet light, hybridization was performed. The filter was washed
to a final stringency of 0.2% saturated sodium citrate (SSC) and
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human
Ih prabe has been previously reported.

Genomic library. The genomic library was made using pub-
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lished methods.® Approximately 100 pg of high mol wt genomic
DNA were partially digested with the Sau3A restriction enzyme.
Fragments from 9 to 23 kilobases (kb) in size were isolated on a
‘sucrose gradicnt and ligated into phage EMBL3A (Strategene, San
Diego). Recombinant phage were packaged, plated, and screened as
previously reported.’

DNA sequencing. Fragments for sequencing were cloned into
M13 vectors and sequenced by the chain termination method using
Sequenase (United States Biochemical, Cleveland).” All sequence
data were derived From both strands.

RESULTS

We studied a bone marrow sample from a patient with
ALL and associated peripheral eosinophilia. Karyotypic
analysis showed the characteristic t(5;14)(q31:q32) translo-
cation. These features define a distinctive subtype of ALL.™
The leukemic cells were analyzed for cell surface phenotype
by imm\;noﬂuorecenccl._ They were positive for Bl (CD%O).
B4. (CD19), ¢cALLA (CD10), HLA-DR, and terminal
deoxynucleotidy! transferase (Tdt), but negative for surface
immunoglobulin. This phenotypic profile describes an imma-
ture cell from the B-lymphocytic lincage.*

The leukemia DNA was analyzed by Southern blotting for
rearrangements of the IgH gene. Using a human immuno-
globutin Jh probe, a single rearranged band was detected by
EcoRl, Hindlll, Sstl, Sau3A, and EcoRI plus HindIll
restriction digests, suggesting rearrangement of one allele
(Fig 1). The immunoglobulin Jh region from the other allele
was presumably either deleted or in the germline configura-
tion.

We hypothesized that the t(5;14)(q31:q32) juxtaposed a

Clone#4 :

Hind I Sau3A Bst EIl

GRIMALDI AND MEEKER

growth-promoting gene on chromosome 5 with the immuno-
globulin Jh region on chromosome 14. Therefore, a genomic
library was made from the leukemic sample and screened
with a Jh probe. Fifteen distinct positive clones were isolated
and screened for the presence of the rearranged Sau3A
fragment that was detected by DNA blotting. By this
analysis, five clones appeared to represent the rearranged
allelc identified by DNA blots. One of these clones (clone no.
4) was chosen for further study and a detailed restriction
map was generated. The EcoRl, HindIll/EcoRI, and Sstl
fragments from clone no. 4 that hybridized to the human Jh
probe were also identical in size to the rearranged fragments
from the leukemia sample, confirming that clone no. 4
represented the rearranged leukemic allele.

Phage clone no. 4 contained 3.7 kb of unknown origin
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH
gene from Jh4 to the Cmu region appeared to be in germline
configuration. Previously; the gene encoding hematopoietic
growth factor IL-3 had becn mapped to chromosome 5931 so
it was suspected that clone no. 4 might contain part of this
gene.” > When the restriction map of human IL-3 and clone
no. 4 were compared, they were identical for more than 3 kb
(Fig 2).

We confirmed the juxtaposition of the IL-3 gene and the
IgH gene by nucleic acid sequencing of the subcloned
BstBll/Hpal fragment (Fig 2). The sequence of this frag-
ment showed no disruption of the protein coding region or the
messenger RNA of the IL-3 gene. The break in the IL-3 gene
occurred in the promotor region, 452 base pairs (bp)
upstream of the transcriptional start site (position 64, Fig

\  Hpal
Sau3A | Sstl EcoRi

BamHI BamHl| Xhol

6 5 &
Cu Su . E ..y =z
ot - ou y i
' Hpal
Sau3A | Sstl Eco Rl
Pst BamHl BamHl| Xnhol
IL-3 : :
(]
'
:
] .
EcoRl Hind It Sau3A Bst El} Sau3A Bam Hl
' M—— S —T '
IgH - NARIRT RS 1
Cu Su E JH
: 0.5kb °
—

Fig2. Breakpoint region: t{6:141(q31 q32). Comparative mapping of phage clone no. 4, the germline IgJh region, and the germline [L-3

8010.** Tho map of clone no. 4 is identical
to the map of IL-3. The two genes are positioned in a hoad

onhancer (E), and Jh segments are Indicated {open symbols
hatched box indicates the soquenced region.

to that of IgH until it diverges in the region of Jh4 (at the dashed fine), aftar which it is idontical
~to-head orientation. The Ig u chain constant region {Cu), switch region {Sul,
). The five exons {dark boxes) and four introns of the IL-3 gene aro shown. The
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3A). The break in the IgH gene occurred 2 bp upstream of
the Jh4 region. Between the two breaks, 25 bp of uncertain
origin (putative N sequence) were inserted.!*** No sequences
homotlogous to the immunoglobulin heptamer and nonamer
could beidentified in the IL-3 sequence (Fig 3B). Therefore,
nucleic acid sequencing confirmed the juxtaposition of the
IL-3 gene and the IgH gene. The sequence data clearly
showed that the genes were positioned in opposite transcrip-
tional orientations (head-to-head).

Available data also allowed us to determine the normal
positions of the IL-3 gene and the GM-CSF gene in relation
to the centromere of chromosome 5 (Fig 4). The 1gH gene is
known to be positioned with the variable regions toward the
telomere on chromosome 14q.>" It has also been shown that

)
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GM-CSF maps within 9 kb of IL-3 in the same transcrip-
tional orientation.'s Using this information and assuming a
simple translocation event in our sample, we can conclude
that the IL-3 gene is normally more centromeric, and the
GM-CSF gene more telomeric on chromosome 5q (Fig 4).
Furthermore, both are transcribed with their 5’ ends toward
the centromere.

DISCUSSION

In this report we have cloned a unique chromosomal
translocation that appears to be a consistent feature ofarare,
yet distinct, clinical form of acute {eukemia. This transloca-
tion joined the promotor of the IL-3 gene to the 1gH gene.
Bxcept for the altered promotor, the IL-3 gene appeared

. . . + .
S ' GGTGACCAGGGTTCCCTGGCCCC AGTAGTCAAAGTAGTAGAGGTAA'I‘TCATCATAGCTGCGGATTAGCAGCGTGACCGGC 86
3 'AC CACTGGTCCCAAGGGACCGGGGTCATCAGTTTCATC ATETCCI\'I‘I‘AAGTI\GTATCGACGCCTI\ACRZGTCGCI\CTGC—CCG

Tom ey

5'TACC AGACAAAC'ICTCATC'.I'GTTCCAGTGGCCTCCTGGCCACCCACCAGGACCMGCRGE;GC GGGCAGCAGAGGGCC I\Gé 160
3t ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGGTGGGTGGTCCTGGTTCGTCCCGCCCGTCGTCTCCCGGTCC

. P22 2222224

5* GTAG’I‘CCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCTGAGTCAGGCTTCCCCTTCCTGCCAC}.\ 248
3'c ATCI\GGTCCACTACCGTCTAC‘I'CTAGGGTGACCCGTCCTCCGGAGTC}\C‘I‘CGACTCAGTCCGMGGGGAAGGACGGTGT

5’ GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTGACMGATGMGTGATACCGTTTAAGTMTC'I"I".'P 32
3! CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGGCAAATTCATTAGAAA

5! TT’I‘CTTG'I‘T‘I‘CACTGATCTTGAGTACTAGAMGTCATG
3 A}\AGAACAAAGTGACTAGAACTCATGATCTTTCAGTAC

GI.\TGAATAATTACGTCTGTGGTTTTCTATGGAGGTTCCATGT 408
CTACTTATTARTGCAGACACCAAARGATACC TCCAAGGTACA

ARKERKERK

.

5! CAGATAAAGI\TCCTTCCGA&GCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGGTTGTGGGCACCTTGCTGCT(.; 480
3t GTCTATTTCTAGGAAGGC'I‘GCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCCAACACCCGTGGAACGACGAC

5! CACATATAAGGCGGGI\GGT’:IGTTGCCPxI\C’1‘CT’1‘C_P_\GAGC(.ICCACGI\AGGACCAGAACI\AGACAGAGTGCCTCCTGCCGAT S6L
3 GTGTATAT’I‘CCGCCC‘I‘CCAACAACGGTTGI\GI\AGTCTCGGGGTGCTTCCTGGTCTTGTTCTGTCTCACGGAGGACGGCTA !

5 ' CCAAACATGAGCCGCCTGCACATCCTECTCCTGCTCCARCTCCTGGTCCGCCCCGERCTCCARGCTCCCATEACCCAGAC 64 ¢
D R G OCGGACGCGCAGRACGAGGACCAGGTTGAGEACCAGECGGEOCCTEAGGTTCOAGGETACTGEGTCTG ~

5 AACGTCCTTGARGACAAGCTGGGTTAAC 3! 668
3 PTGCAGGAACTTCTGTTCGACCCAATTG 5'

B 199n4

5V PGGCCCCAGTAGTCAAAGTAGTCACATT

3 ACCGGGGTCAEAGTTTCATCAGTGTAACACCCTCCGGGGTAATTC CCCACGIGTTTTTIGGACTGAGAG

GTCGGAGGCCCCATTAAGGGGTGCACAAAMCCTGACTCTC

T R AL R AA

cl.i4

5 ' TGGCCCCAGTAGTCARAGTAGTAGAG
3' ACCGGGGTCATCAGTTTCATCATCTIC

GTAATTCATCATAGCTGC GGATTAGCAGCGTGACCGGCTACCA
CATTAAGTAGTATCGACGCCTAATC GTCGCACTGGCCGATGGT

I1-3

Fig 3.
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51 GGCI\CCAAGAGATGTGCTTCTCAGAGCCTGA-GGCTGAACGTGGATG'I‘TTAGCAGCGTGACCGGCTACCA
3! CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT

Sequence of t{6;14){q31:q32) breakpoint region. {A) Nucleotide sequance of the BstEll/Hpat fragment indicated on Fig 2.

Nucleotides 1 to 36 represent the Jhd coding region underlined on the coding strand.® Nucleotides 39 to 63 are a putative N region, The

sequonco from position 64 to 668 is that of the germline iL-3 gene.®® The IL-3 TATA box [486). transcription start {616), and Initiation
in the promotor are marked by asterisks (positions 182 and 389). {8)

The lgJhd region is shown with its coding region, heptamer, and

methionine (667) are underlined. Two proposed regulatory sequences
of the t(6:14)1q31;q32) breakpoint region.

Comparative &eq

nonsmer underlined. Clone no. 4 is shown with putative N region sequences underiined. The IL-3 sequence is also shown. A plus sign {(+)
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified in the 1i.-3 sequence.



Fig4. Diagram of the transtocation. The normal chromosome
5q31 Is shown with the GM-CSF gene telomeric to the IL-3 gene in
the transcriptiona! orientation shown. On normal chromosome
144932 the Vhrogions are telomeric. The t{5;14){q31:q32) traaslo-
cation results in the hesd-to-hesd orientation of these genes.
Symbols are defined in Fig 2. BP, breakpoint position.

intact as no deletions, insertions, or point mutations were
detected by restriction mapping of the entire gene and
sequencing of part of the gene. The IgH gene has been
truncated at the Jh4 region, which places the immunoglobu-
lin enhancer within 2.5 kb of the IL-3 gene."™® This leads to
the hypothesis that the enhancer is increasing transcription
of a structurally normal IL-3 gene. The same mechanism is
important for activation of the ¢-myc gene in some cases of
Burkitt's lymphoma.”” An alternate hypothesis is that the
climination of an upstream IL-3 promotor element is crucial
to the activation of the IL-3 gene.

The proposed activation of the IL-3 gene suggests that an
autocrine loop is important for the pathogenesis of this
leukemia.™ Over-expression of the IL-3 gene coupled with

GRIMALDI AND MEEKER

the presence of the 1L-3 receptor in these cells could account
for a strong stimulus for proliferation. In this regard, there
are data indicating that immature B-lineage lymphocytes
and B-lineage leukemias may express the IL-3 receptor. 22

An additional feature of this type of leukemia is the
dramatic eosinophilia, consisting of mature forms. It has
been hypothesized that the cosinophils do not arise from the
malignant clone, but are stimulated by the tumor.3®
Because of the known effect of IL-3 on eosinophil differentia-
tion, secretion of high levels of IL-3 by leukemic cells might
have a role in the eosinopbilia in this type of leukemia.”?

The data suggest that the recombination mechanism that
is active in the IgH gene during normal differentiation has a
role in this translocation.' This is supported by the break-
point location at the 5' end of Jh4 and the presence of

putative N-region sequences. On the other hand, no recombi-

nation signal sequence (heptamer and nonamer) was found
in this-region-on chromosome 5, suggesting that additional
factors also played a role. Further studies will elucidate the
mechanism of this and other translocations.

In the leukemia we studied, it is possible that the immuno-
globulin enhancer also activates the GM-CSF gene, since
this gene is probably positioned only 14 kb away (Fig 4). This
is known to be within the range of enhancer activation.” The
interleukin-5 (IL-5) gene maps to chromosome $q31.%
Deregulation of the IL-5 gene by this translocation would act
synergistically with IL-3 in the stimulation of eosinophil
proliferation and differentiation.”’ These and other questions
will be answered by the study of more patient samples. We
plan to determine whether the t(5;14)(q31;q32) transloca-
tion is capable of activating multiple lympbokines simulta-
neously and whether they cooperate in the generation of this
leukemia.
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RAPID COMMUNICATION

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute
Lymphocytic Leukemia With Eosinophilia '

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams

The 1(5;14)(q31:q32) translocation from B-lineage acute
lymphocytic leukemia with eusinophilia has been cloned
from two leukemia samples. In both cases, this transloca-
tion joined the IgH gene and the interleukin-3 {{L-3) gens. In
ono patient, excess IL-3 mRNA was produced by the
teukemic cells. In the second patient, serum IL-3 levels
were measured and shown to correlate with disease

. NUMBER OF chromosome translocations have been
associated with human Jeukemia and lymphoma. In
many cases the study of these translocations has led to the
discovery or characterization of proto-oncogenes, such as
bcl-2, c-abl, and c-myc, that are located ‘adjacent to the
translocation.? It is now widely understood that cancer-
associated translocations disrupt nearby proto-oncogenes.

A distinct subtype of acute leukemia is characterized by
the triad of B-lineage immunophenotype, eosinophilia, and
the t(5;14)(q31;q32) translocation.’® Leukemic cells from
such patients have been positive for terminal deoxynucleotidy)
transferase (Tdt), common acute lymphoblastic leukemia
antigen (CALLA), and CD19, but négative for surface or
cytoplasmic immunoglobulin. In previous work, we cloned
the t(5;14) breakpoint from one leukemic sample (Case 1)

and determined that the IgH and interleukin-3 (IL-3) genes

were joined by this abnormality.® In this report, we extend
those findings by showing that the t(5;14){q31:;q32) translo-
cation from a second leukemia sample (Case 2) has a similar
structure, and we report our study of growth factor expres-
sion in these patients.

MATERIALS AND METHODS

Samples and Southern blots. Case 1 has been described.’®
Clinical features of Case 2 have been described in detail.’ DNA
isolation and Southern blotting was done using previously described
methods.® Filters were hybridized with an immunoglobulin Jh probe,
a 280 bp BamHI/EcoR1 genomic IL-3 fragment, snd an IL-3
c¢DNA probe.®

Northern blots. RNA isolation and Northern blotting have been
described.” Bricfly, Northern blots were done by separating 9ug
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in
cach lane was confirmed by ethidium bromide staining. Blots were
hybridized with an IL-3 cDNA probe extending to the Xho I site in
exon 5, & 720 bp Sst 1/Kpn 1 probe derived from intron 2 of the IL-3
gene, a 600 bp Vhe 1/Hpa I IL-5 cDNA probe, and a 500 bp Pst
1/Nco 1 granulocyte-macrophage colony stimulating factor (GM-
CSF) cDNA probe.'*"?

Polymerase chain reaction. Primers were designed with BamHI
sites for cloning. One primer hybridized to the Jh sequences from the
IgH gene (Primer 144:5-TAGGATCCGACGGTGACCAGGGT),
and the other hybridized to the region of the TATA box in the IL-3
gene (Primer 161: 5-“AACAGGATCCCGCCTTATATGTGCAG).
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30
seconds, and 72°C for 3 minutes) was done using 500 ng genomic
DNA and 50 pmol of each primer in 100 gL containing 67 mmol/L
Tris-HCl pH 8.8, 6.7 mmol/L MgCl,, 10% dimethy! sulfoxide
(DMSO), 170 xg/mL bovine serum albumin {BSA) (fraction V),

Blood, Vol 76, No 2 {(July 15), 1990: pp 285-289

activity. There was no evidence of excess granulocyte/
macrophage colony stimulating factor {GM-CSF) or IL-6
expression. Our data support ‘the formulation that this
subtype of feukemia may arise in part because of a
chromosome traenslocation that activates the IL-3 gene,
resulting in autocrine and paracrine growth effocts.

© 1990 by The American Society of Hematology.

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq
polymerase (Perkin-Elmer, Norwalk, CT)."?

Sequencing. Sequencing was done by chain termination in M13
vectors.' As part of this study, we sequenced a subclone of a normal

.. IL~3 promotor, covering 598 basg.pairs from a Sma I site at position

-- 1240 (with respect to the proposed site of transcription initiation)
to an Nhe I site at position —642. The plasmid containing this region
was a gift from Naoko Arai of the DNAX Research Institute.

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1
was cloned into the pXM expression vector.® Briefly, the HindII1/
Sal 1 fragment containing the IL-3 gene was subcloned from the
previously .described phage clone 4 into pUCI8.% The 2.6 kb
fragment extending from the Sma I site 61 bp upstream of the IL-3
transcription start to the Sma I site in the polylinker was cloned into
the blunted Xho I site of pXM. The negative control construct was
the pXM vector without insert. Plasmids were introduced into Cos7
cells by clectroporation, and supernatant was collected after 48
hours in culture.

TF1 bioassay. TF-1 cells were passaged in RPMI 1640 supple-
mented with 10% heat-inactivated fetal bovine serum, 2 mmol
L-glutamine, and I ng/mL human GM-CSF." Samples and antibod-
ies were diluted in this same medium lacking GM-CSF but contain-
ing penicillin and streptomycin, A 25 L. volume of serial dilutions of
paticnt serum was added to wells in a flat bottom 96-well microtiter
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 gL
was added to appropriate wells and preincubated for 1 hour at 37°C.
Fifty microliters of twice washed TF-1 cells were added to each well,

. giving a final cell -concentration of 1 x 10* cells per well (final

volume, 100 pL). The plate was incubated for 48 hours. The
remaining cell viability was determined metabolically by the colori-
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T CCAGTTOTCACATTGTOACAACAATGOCAGACCOOGACAAAGAACGGGOGCO0CECACRTCOCT
1gJhs g;mm@lﬁ”ml TOGOCCCAGGAQTCHAA A AACAC TTA :
FTHEEEEP4EH TIP3 E 140444404 444+ 4T+ +4 ]
WNTTAWA‘IWGWI‘CICAATACAACT‘GI ‘CTOCTGCCAAT
COGTAA OGGTTCCCTGGOOCCAGGGGTOGAAS GTTGTA
Ctone g:gmm%mmmmm’ggmAmmA TMWPAWAWCAGAGGAWG‘H‘A
(-93()'0¢$4+H+o+++n+¢¢¢u+++++++++¢N++++++'
X CCTTGOCT: TGCTCAGCACAGACGOOGATCAAGACCTCTCAA TACAACTATCTOCTGCCAAT
CCCCTCTCTGCAAA CTGGGCCTACACCTGGCAAATCCA
L : : WMWM%AWMWAMAWA AGIWWAWCAGAMWA
Fig 1. Breakpoint sequences for Case 2. The germline IgJhE reglon sequence {protein coding reglon and recombination signal

. : 2 (PCR primer sequences and putative N region are underlined)
s aro underlined) is on top, the translocation sequence from Case gion
:se::‘u:l’::eml‘:!dlo and tha germline IL-3 sequence. which we derived from & normal IL-3 clone, is on the bottom.” + indicates that each

sequoence has the same nucleotide. The sequence documents the head-to-head jolning of the IL-3 and gHg

genoe occurred at position —934 (*).

metric method of Mosmann using a VMax microtiter plate reader
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm.'®
Cytokine immunoassays. These assays used rat monoclonal
anti-cytokine antibodies (10 z2g/mL) to coat the wells of a PVC
microtiter plate. The capture antibodies used were BYD3-6G8,

e e -

JES1-39D10, and BVD2-23B6, for the IL-3, IL-5, and GM-CSF
assays, respectively. Patient sera were then added (undilutcx.i and
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and dnl'uted
1:5 for GM-CSF). The detecting immunoreagents used were cither
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat
monoclonal antibodies JES1-5A2 and BVD2-21Cl1, specific for
IL-5 and GM-CSF, respectively. Bound antibody was subsuqu?mly
detected with immunoperoxidase conjugates: horseradish peroxidasc
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub-
strate was 3-3'azino-bis-benzthiazoline sulfonate (ABTS; Sigma, St
Louis, MO). Unknown values were interpolated from standx:u'd
curves prepared from dilutions of the recombinant factors using
Softmax software available with the VMAX microplate reader
(Molecular Devices).

RESULTS

Leukemic DNA from Case 2 was studied by Southern
blotting. When digested with the HindIII restriction enzyme
and hybridized with a human immunoglobulin heavy chal'n
Joining region (Jh) probe, a rearranged fragment at approxi-
inately 14 kb was detected (data not shown). Whert reprobed
with either of two different IL-3 probes, .a rearranged 14 kb

#2 #1

The breakpoint In the IL-3

fragment, comigrating with the rearranged Jh fragment, was
identified. When. lenkemic DNA was digested with HindIIl
plus EcoRl, a rearranged Jh fragment was detected at 6 kb.
The IL-3 probes also identified a comigrating fragment of
this size. These experiments indicated that the leukemic
sample studied was clonal and that a single fragment
contained both Jh and 11-3 sequences, suggestiog a translo-
cation had occurred.

To characterize better the Joining of the IL-3 gene and the
immunoglobulin heavy chain {IgH) gene, the polymerase
chain reaction (PCR) was used to clone the translocation.”
A Jh primer and an IL-3 primer were designed to produce an
amplified product in the event of a head-to-head transloca-
tion. While control DNA gave no PCR product, Case 2 DNA
yielded a PCR-derived fragment of approximately 980 bp,
which was cloned and sequenced.

The DNA sequence of the translocation clone from Case2
confirmed the joining of the Jh region with the promotor of
the IL-3 gene in a head-to-head configuration (Fig 1).
Sequence analysis indicated that the breakpoint on chromo-
some 14 was just upstream of the JhS coding region. The
breakpoint on chromosome 5 occurred 934 bp upstream of
the putative site of transcription initiation of the IL-3 gene.
We also determined that a putative N sequence of 17 bp was

‘inserted between the chromosome 5 and chifoiosome 14

sequences during the translocation event.'" Figure 2 shows

il

0.5 Kb
—

. . This figure shows the two cloned breakpoints (arrows) In relation to
- Relationship of chromosome 6 breakpolnts to the IL-3 gene. Th

th: i?\:rmal ol:-:;c;en:.:"’cOn;n breakpoint oc:urred at position —462 and the other at —934 {arrows). In both clrcumstances, the

translocations resulted in a head-to-head jolning of the IgH gene and the IL-3 gena, leaving the rANA ang protein coding regians of the IL.3

geno intact. Boxes denote the five IL-3 exans; restriction enzymes ere (B) BamH, (P) Pst, (H) Hpa 1, (E) EcoRi, and {X) Xhol.
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1 2 3

5 oY

4 >

28S- -28S
2.9kb=>»

18S- -18S
1.0kb=>-

. Fig 3. Documentation of IL-3 mRNA over-expression. A Northern blot was prepared and hybridized with s probe for IL-3. Lane 1
contained RNA from unstimulated periphoral biood lymphocytes (PBL}) as a negative control. Lane 2 contained RNA from PBL stimulated for
4 hours with concanavatian A (ConA), and tane 3 contained RNA from PBL stimulated with ConA for 48 hours. As in the positive control
lanes {2 and 3}, a 1 kb band was identified in the leukemic sample from Case 1 {lane &, lower arrow), suggesting absrrant expression of the
IL-3 gsne. In addition, the leukemic sample showed over-exprassion of an unspliced 2.9 kb IL-3 transcript {lane 4, upper arrow). We
dagumented that this represented an unspliced precurser of the mature 1 kb transcript by showing that this band hybridized to a probe

. fromintron 2 of the IL-3 gene. A similar 2.9 kb band was detectéd in"lane'2, suggesting that an H.-3 mRNA of this size is sometimes
detectabls In normal mitogen-stimulated calls. Lane & through 10 represent RNA from six ples of B-ineag fymphocytic loukemia
without the t{6:14} translacation, indicating that only the sample with the translocation exhibited IL-3 over-expression. Case 2 could not be

anatyzad by Northern blot because too few cells ware available for study.

the locations of the twe cloned breakpoints in relation to the
IL-3 gene. The two chromosome 5 breakpoints were sepa-
rated by less than 500 bp.

The genomic structure in Cases 1 and 2 suggested that a
normal IL-3 gene product was over-expressed as a result of
the altered promotor structure. This would predict that the
T1.-3 gene on the translocated chromosome was capable of
making IL-3 protein. This prediction was tested by express-
ing a genomic fragment from the translocated allele of Case
1 containing all five IL-3 exons under the control of the SV40
promotar/enhancer in the Cos7 ccll line. Cell supernatants
were studied in a proliferation assay using the factor depen-
dent erythroleukemic cell line, TF-1. The supernatants’
derived from transfections using the vector plus insert
supported TF-1 proliferation, while supernatants from trans-
fections using the vector alone were negative in this assay
(dafa ot shown). Furttiermore, the biologic activity could be
blocked by an antibody to human IL-3 (BVD3-6G8). This
result showed that the translocated allele retained the ability
to make IL-3 mRNA and protein.

The level of expression of IL-3 mRNA in leukemic cells
from Case 1 was assessed. Northern blotting showed that the
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb
unspliced IL-3 mRNA were excessively produced by the
leukemia (Fig 3). The 2.9 kb form of the mRNA is also
present at low lévels in normal peripheral blood T lympho-
cytes after mitogen activation (Fig 3). Several B-lineage
acute leukemia samples without the t(5;14) translocation
had undetectable levels of IL-3 mRNA in these experiments.
In addition, although genes for GM-CSF and IL-5 map close
to the IL-3 genc and might have been deregulated by the
translocation, no IL-5 or GM-CSF mRNA could be detected
in the leukemic sample (data not shown).'*®

Three serum samples from Case 2 were assayed by
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table
1). Serum IL-3 could be detected and correlated with the
clinical course. When the patient’s leukemic cell burden was

1
highest, the JL-3 level was highest. No serum GM-CSF or
IL-5 could be detected.

Since the IL-3 immunoassay measured only immunoreac-
tive factor, we confimed that biologically active IL-3 was
present by using the TF-1 bioassay. This bioassay can be
rendered monospecific using appropriate neutralizing mono-
clonal antibodies specific for IL-3, IL-S, or GM-CSF. We
observed that sera from 1-16-84 and 3-14-84 contained TF-1
stimulating activity that could be blocked with anti-IL-3
MoAb (BYD3-6G8), but not with MoAbs to IL-5 (JESI-
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data
not shown). The amount of neutralizable bioactivity in these
two samples correlated very well with the difference in IL-3
levels obtained by immunoassay for these samples. Further-
more, the failure to block TF-1 proliferating activity with
either.anti-IL-5 or anti-GM-CSF was consistent with the..
inability to measure these factors by immunoassay .and

Table 1. Peripheral Blood Counts and Growth Factor Levels
at Different Times in Case 2

Sample Data
11/16/83  1/16/84 3/14/84
Peripheral blood counts (cells/pl)
WBC 81,800 118,600 12,300
Lymphobiasts o 33,786 o]
Eosinophils 46,626 73.080 616
Serum growth factor levels {(pg/mL}
it-3 <444 7,988 1,051
GM-CSF <156 <15 <16
-5 <Bb0 <50 <50

Peripheral blood counts from Case 2 at three different time points with
the coresponding growth factor levels quantified by Immunocassay. The
patient received chematherapy botween 1/16/84 snd 3/14/84 to lower
his leukemic burden.’ No serum samplos were available for a similer
analysis of Case 1.

Abbreviation: WBC, white blood cells.
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Fig'4. Bioassay of serum IL-3. Leukemic patient sera were tested for bloactive IL-3 and IL-6 in the TF-1 proliferation assay. The
reciprocal of the dilution is indicated on the horizontal axis and the optical density indicating the amount of proliferation is Indicated on the
vertical axis, Serum from all three time points was assayed sitmultaneously. The assay was rendered monospecific by using a 1 gg/mL finat
cancentration of morlgclonm rat antl-IL-3, BVD3-6G8 (M), or anti-iL-5, JES1-39D10 (A}; O Indicates no MoAb. On:1/16/ 84 and 3/14/84,

. inhibitlon of proliferation was evident in the presence.of anti-iL-3 entibady. documenting serum levels of IL-3 on those days. Serum -6
- was not detected in this essay, as anti-IL-5 did not alter TF-1 proliferation.

indicated that these other myeloid growth factors were not
detectably circulating in the serum of this patient.

DISCUSSION

In this report, we have extended our analysis of acute
lymphocytic leukemia and eosinopbilia associated with the
t(5;14) translocation. In both cases we have studied, we have
documented the joining of the IL-3 gene from chromosome 5
to the IgH gene from chromosome 14, The breakpoints on
chromosome 5 are within 500 bp of each other, suggesting
that additional breakpoints will be clustered in a small region
of the IL-3 promotor. The PCR assay we have developed will
be useful’in the screening of additional clinical samples for
this abnormality.

The finding of a disrupted IL-3 promotor associated with
an otherwise normal IL-3 gene implied that this transloca-
tion might lead to the over-expression of a normal IL-3 gene
product. In this work, we have documented that this is true.
In addition, neither GM-CSF nor IL-5 are over-cxpressed by
the leukemic cells. Furthermore, in one patient, serum IL-3
could be measured and correlated with disease activity. To
our knowledge, this is the first measurement of human IL-3
in serum and its association with a disease process. The
measurement of serum IL.-3 in this and other clinical settings
may now be indicated.

The finding of the IL-3 gene adjacent to a cancer-
associated translocation breakpoint suggests that its activa-
tion is important for oncogenesis. It is our thesis that an
autocrine loop for IL-3 is important for the evolution of this
leukemia.” The excessive IL-3 production that we have
documented would be one feature of such an autocrine loop.
The final proof of our thesis must await additional data. In
particular, from the study of additional clinical samples, it
will be necessary to document that the IL-3 receptor is
present on' the leukemic cells and that anti-IL-3 antibody
decreases proliferation of the leukemia in vitro.

An important aspect of this work is the suggestion of a
therapeutic approach for this disease. If an autocrine loop for
IL-3 can be documented in this disease, attempts to lower
circulating IL-3 levels or block the interaction of IL-3 with
its receptor may prove useful. Because it is also possible that
the eosinophilia in these patients is mediated by the para-
crine effects of leukemia-derived IL-3, similar interventions _
may improve this aspect of the disease. Antibodies or
engineered ligands to accomplish these goals may soon be
available.
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Clinical and Pathologic Significance of the
c-erbB-2 (HER-2/neu) Oncogene

Timothy P. Singleton and John G. Strickier

? The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by
; Slamon et al,™ who reported that c-erbB-2 DNA amplification in breast carcino-
g mas correlated with decreased survival in patients with metastasis to axillary
lymph nodes. Subsequent studies, however, of c-erbB-2 activation in breast
carcinoma reached conflicting conclusions about its clinical significance. This ;
oncogene also has been reported to have clinical and pathologic implications in

other neoplasms. Our review summarizes these varfous studies and examines
the clinical relevance of c-erbB-2 activation, which has not been emphasized in

ST SO

recent reviows. 3.8 The molecular biology of the c-erbB-2 oncogene has been I
extensively reviewedd’$%5 and will be discussed only briefly here. i
BACKGROUND : ;
; The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga-

tion. The neu oncogene was detected as a mutated transforming gene in
: neuroblastomas induced by ethylnitrosurea treatment of fetal rats.&73747% The c-
3 erbB-2 was a human gene discovered by its homology to the retroviral gene v-
erbB.®a%76 [TER-2 was isolated by screening a human genomic DNA library for
homology with v-erbB.% When the DNA sequences were determined subse-
quently, c-erbB-2, HER-2, and neu were found to represent the same gene.
Recently, the c-erbB-2 oncogene also has been referred to as NGL.

The c-¢rbB-2 DNA is located on human chromosome 17q21%-338 and codes
for c-erbB-2 mRNA (4.6 kb), which translates c-erbB-2 protein (p185). This

165
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protein is a normal component of cytoplasmic membranes. The c-erbB-2

oncogene is homologous with, but not identical to, c-erbB-1, which is located

on chromosome 7 and codes for the'epidermal growth factor receptor.24% The c-

erbB-2 protein is a receptor on cell membranes and has intracellular tyrosine

kinase activity and an extracellular binding domain.%'® Electron microscopy

with a polyclonal antibody detccts c-erbB-2 immunoreactivity on cytoplasmic

‘ membranes of neoplasms, especially on microvilli and the non-villous outer cell '
g mcmbranc.® In normal cells, immunohistochemical reactivity for c-erbB-2 is

i frequently present at the basolateral membrane or the cytoplasmic membrane’s 3
brush border. =262 ‘ '

There is experimental evidence that c-erbB-2 protein may be involved in
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c-
i , erbB-2 protein can transform a cell line into a malignant phenotype.® Also,
o when the néii orféogené containing an activating point mutation is placed in
transgenic mice with a strong promoter for increased expression, the mice
develop multiple independent mammary adenocarcinomas. 4% In other experi-
ments, monoclonal antibodies against the neu protein inhibit the growth (in
nude mice) of a neu-transformed cell line,-% and immunization of micc with
neu protein protects them from subsequent tumor challenge with the neu-
transformed cell line.} Some authors have speculated that the use of antago-
nists for the unknown ligand could be uscful in future chemotherapy.® Further
review of this experimental evidence is beyond the scope of this article.

The c-erbB-2 activation most likely occurs at an early stage of neoplastic
development. This hypothesis is supported by the presence of c-erbB-2 activa-
tion in both in situ 'and invasive breast carcinomas. In addition, studies of
metastatic breast carcinomas usually demonstrate uniform c-erbB-2 activation
at multiple sites in the same patient,!123.¢.% although c-erbB-2 activation has
rarely been detected in metastatic lesions but not in the primary tumor.®-%1%
Even more rarely, c-erbB-2 DNA amplification has been detected in a primary
breast carcinoma but not in its lymph node metastasis.5 In patients who have
bilateral breast neoplasms, hoth lesions have similar patterns of c-erbB-2 activa-
tion, but only & few such cases have been studied.!! 5

LAME

MECHANISMS OF c-erbB-2 ACTIVATION

The most common mechanism of c-erbB-2 activation is genomic DNA amplifice-
tion, which almost always results in overproduction of c-erhB-2 mRNA and
protein. 179458 The c-erbB-2 amplification may stabilize the overproduction of
mRANA or protein through unknown mechanisms. Human breast carcinomas
with c-erbB-2 amplification contain 2 to 40 imes more c-erbB-2 DNA% and 4 to
128 times more c-erbB-2 mRNA® than found in normal tissue. Most human

breast carcinomas with c-erbB-2 amplification have 2 to 15 imes more c-erbB-2

DNA. Tumors with greater amplification tend to have greater overproduc- .
tion. 175265 The non-mammary neoplasms that have been studied tend to have :
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similar levels of c-erbB-2 amplification or overproduction relative to the corre-
sponding normal tissue.

The second most common mechanism of c-erbB-2 activation is overproduc-
tion of c-erbB-2 mRNA and protein without amplification of c-erbB-2 DNA. &
The quantities of mRNA and protein usually are less than those in amplified
cases and may approach the small quantities present in normal breast or other
tissues. 176052 The c-erbB-2 protein overproduction without mRNA overproduc-
tion or DNA amplification has been described in a few human breast carcinoma
cell lines. 4 :

Other rare mechanisms of c-erbB-2 activation have been reported. Translo-
cations involving the c-erbB-2 gene have been described in a few mammary and
gastric carcinomas, although some reported cases mey represent restriction
fragment length polymorphisms.or incomplete restriction enzyme digestions
that mimic translocations, 365.784.90,1%8 A sirigle point mutation in the transmem-
brane portion of neu has been described in rat neuroblastomas induced by
ethylnitrosurea. %% The mutated neu protein has increased tyrosine kinase activ-
ity and aggregates at the cell membrane. 9. Although there has been specula-
tion that some of the amplified c-erbB-2 genes may contain point mutations, %
none has been detected in primary human neoplasms. 11,581 ’

TECHNIQUES FOR DETECTING c-erbB-2 ACTIVATION

Detection of c-erbB-2 DNA Amplification ‘

Amplification of c-erbB-2 DNA is usually detected by DNA dot blot or South-
ern blot hybridization. In the dot blot method, the extracted DNA is placed
directly on a nylon membrane and hybridized with a c-erbB-2 DNA probe. In
the Southern blot method, the extracted DNA is treated with .a restriction
enzyme, and the fragments arc separated by electrophoresis, transferred to a
nylon membrane, aod hybridized with a c-erbB-2 DNA probe. In both tech-
niques, c-erbB-2 amplification is quantified by comparing the-intensity (mea-
sured by densitometry) of the hybridization bands from the sample with thase
from control tissue.

Several technical problems may complicate the measurement of c-erbB-2
DNA amplification. First, the extracted tumor DNA may be excessively de-
graded or diluted by DNA from stromal cells.®* Second, the c-erbB-2 DNA
probe must be carefully chosen and labeled. For example, oligonucleotide o
erbB-2 probes may not be sensitive enough for measuring a low level of c-erbB-
2 amplification, because diploid copy numbers can be difficult to detect (unpub-
lished data). Third, the total amounts of DNA in the sample and control tissue
must be compensated for, often with a probe to an unamplified gene. Many
studies have used control probes to genes on chromosome 17, the location of c-
erbB-2, to correct for possible alterations in chromosome number. Identical
results, however, are obtained by using control probes to genes on other chro-
mosomes,5%.8 with rare exception.'? Studies using control probes to the beta-
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globin gene must be interpreted with caution, because one a]lele of this gene is 3
. deleted occasionally in breast carcinomas.3 4
‘ Amplification of c-erbB-2 DNA was assessed by using ‘the polymerase
X chain reaction (PCR) in one recent study.? Oligoprimers for the c-erbB-2 gene
and a control gene are added to the sample’s DNA, and PCR is performed. If
the sample contains more copies of c-erbB-2 DNA than of the control gene, the
- c-grbB-2 DNA is replicated preferentially.

e I
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Detection of c-erbB-2 mRNA Overproduction i
. Overproduction of c-erbB-2 mRNA usually is measured by RNA dot blot or
g Northern blot hybridization. Both techniques require extraction of RNA but
i otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 3
of PCR fordetection. of c-€7bB:2 mANA has been described in‘two recent . §
abstracts. 88.102

Overproduction of c-erbB-2 mRNA can be measured by in situ hybridiza-
tion. Sections are mounted on glass slides, treated with protease, hybridized
with a radiolabeled probe, washed, treated with nuclease to remove unbound
s probe, and ‘developed for autoradiography. Silver grains are seen only over
tumor cells that overproduce c-erbB-2 mRNA. Negative control probes are
used. 85.9.1% Our experience indicates that these techniques are relatively insensi-*
tive for detecting c-erbB-2 mRNA overproduction in routinely processed tis-
sue. Although the sensitivity may be increased by modifications that allow
simultaneous detection of c-erbB-2 DNA and mRNA4, in situ hybridization st}

is cumbersome and -expensive {(unpublished data).
All of the above c-erbB-2 mRNA detection techniques have several prob~
: lems that make them more difficult to perform than techniques for detecting
T ~ DNA amplification. One major problem is the rapid degradation of RNA in
7 tissue that is not immediately frozen or fixed. In addition, during the detection
N procedure, RNA can be degraded by RNase; a ubiguitous enzyme, which must
be eliminated meticulously from laboratory solutions. Third, control probes to

genes that are umform]y expre':sed in the tissue of interest need to be carefully
selected. ; -
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Detection of c-erbB-2 Proteln Overproduction

The most accurate methods for detecting c-erhB-2 protein overproduction are
"the Western blot method and immunoprecipitation. Both techniques can docu-

ment the binding specificity of various antibodies against c-erbB-2 protein. In

Western blot studies, protein is extracted from the tissue, separated by electro-
o phoresis (according to size), transferred to a membrane, and detected by using an-

(. tibodies to c-erbB-2. In immunoprecipitation studies, antibodies against c-erbB-
S 2 are added to a tumor lysate, and the resulting protein—antibody precipitate is

i separated by gel electrophoresis and stained for protein. Both Western blot and
immunoprecipitation are useful research tools but currently are not practical for
diagnostic pathology. Two recent abstracts have described an enzyme-linked §
immunosorbent assay (ELISA) for detection of c-erbB-2 protein. 1945 ‘ E

afiz
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Overproduction of c-erbB-2 protein is most commonly assessed by various
immunobhistochemical techniques. These procedures often generate conflicting
results, which are explained at least partially by thrce factors. First, various
studies have used. different polyclonal and monoclonal antibodies. Because
some polyclonal antibodies recognize weak bands in addition to the c-erbB-2
protein band on Western blot or immunoprecipitation, the results of these
studies should be interpreted with caution,#36.4.8 Even some monoclonal anti-
bodies immunoprecipitate protein bands in addition to c-erbB-2 (p185).®e88
Second, tissue fixation contributes to variability between studies. For example,

. some antibodies detect c-srbB-2 protein only in frozen tissue and do not react

in fixed tissue. In general, formalin fixation diminishes the sensitivity of

immunohistochemical methods and decreases the number of reactive cells.8:.8

When Bouin's- fixative is-used; there may be a higher ‘percentage of positive

cases.® Third, minimal eriteria for interpreting immunohistochemical staining .

are generally lacking. Although there is general agreement that distinct crisp
cytoplasmic membrane staining is diagnostic for c-erbB-2 activation in breast

_carcinoma, the number of pusitive cells and the staining intensity required to

diagnose c-erbB-2 protein overproduction varies from study to study and from
antibody to antibody. Degradation of c-erbB-2 protein is not a problem because
it can be detected in intact form more than 24 hours after tumor reséction
without fixation or freezing.

ACTIVATION OF c-erbB-2 IN BREAST LESIONS

Inctdence ot c-erbB-2 Activation

Most studies of c-erbB-2 oncogene activation do not specify histological sub-
types of infiltrating breast carcinoma. Amplification of c-erbB-2 DNA was found
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Tuble 1), and
¢-erbB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of
9714) of invasive carcinomas in 20 studies. Twelve studies have documented c-

* erbB-2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas

that Jacked c-erbB-2 DNA amplification.

The incidence of c-erbB-2 activation in infiltruting breast carcinoma varies
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat-
ing ductal carcinomas have c-erbB-2 activation, as expected from the above
data. Other variants of breast carcinoma with frequent c-erbB-2 activation are
inflammatory carcinoma {62 percent, 54 of 87), Paget's disease (B2 percent, 9 of
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erbB-2 activa-
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and
tubular carcinoma (7 percent, 1 of 15).

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of
dueta! carcinomas in situ and especially comedacarcinoma in situ (68 percent,
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have
c-erbB-2 activation, %5488 especially if larger cells ure present. The greater fre-
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quency of ¢-erbB-2 protein overproduction in comedocareinoma in situ, com-
pared with infiltrating ductal carcinoma, could be explained by the fuct that
many infiltrating ductal carcinomas arise from other types of intraductal carci-
noma, which show c-erbB-2 activation infrequently. Others have speculated
that carcinoma in siti with c-erbB-2 activation tends to regress or to lose c-
erbB-2 activation during progression to invasion,**®%2 Infiltrating and in situ
components of ductal carcinoma, however, usually are similar with respect to ¢-
erbB-2 activation, 1 aJthough some authors have noted more heterogeneity of
the immunohistochemical staining pattern in invasive than in in situ carci-
noma.¥4388 Activation of.c-erbB-2 is infrequent in lobular carcinoma in situ, .If
lesions contain more than one histological pattern of carcinoma in situ, the c-
erbB-2 protein overproduction tends. to occur in the comedocarcinoma in situ
s .z but may inclide other areas of carcinoma in situ.2%6 Overproduction of c-
" erbB-2 protein in ductal carcinoma in situ correlates with larger cell size and a
periductal lymphoid infiltrate.s®
" Activation of c-erbB-2 has not been identified in benign breast lesions, K 1
including fibrocystic disease, fibroadenomas, and radial scars (Table 2), Strong ]
membrane immunohistochemical reactivity for c-erbB-2 has not been described
in atypical ductal hyperplesia, although weak accentuation of membrane staining
has been noted infrequently.®42% In normal breast tissuc, c-erbB-2 DNA is
diploid, and c-erbB-2 is expressed at lower levels than in activated tumors, 34.35.65.63
These preliminary data suggest that c-erbB-2 activation may not be useful
for resolving many of the common problems in diagnostic surgical pathology. For
cxample, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. . .
In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, )
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erbB- !
2 activation in these lesions may not be helpful in their differential diagnosis. The .
histological features of comedocarcinoma in situ, which commonly overproduces - '
c-erbB-2, are unlikely to be mistaken for those of benign lesions.  Activation of

‘ TABLE 2. c-erbB-2 ACTIVATION IN BENIGN HUMAN BREAST LESIONS

cerbB-20NA  cerbB-2mRNA  c-erbB-2 Protein

Ristologlcal Diagnosis Amplification® Overproduction Overproduction
Fibrocystic disease 0/10% —_ *0/32,7.0/8,58 0/8%s '
Atypical ductal hyperplasia - — 2(weak)/21,54
1{cytoplasmio)/13% i
: Benign ductal hyperplasla —— —_ /125
’ Sclerosing adenosls — -— 0/4%
1 : Fibroadenomas 0/16,% 0/6,% 076,35 D/3* 0/21,380/10,%
02,2 o/1™ /8,8 0/342
Radial scars — — Of22¥
Blunt duct adenosis — - 0/143%2
°Breas! mastosls” — 0/3% -

| #Shown as number of casoes with activallorvnumber of cases studied; reterence Is given as a superscript

@
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c-erbB-2, however, does favor infiltrating ductal carcinoma over infiltrating
lobular carcinoma. Further studies of these issues would be useful.

Correlation of c-erbB-2 Activation With Pathologic Prognostic Factors
Multiple studies bave attempted to correlate c-erbB-2 activation with various
pathologic prognostic factors (Table 3). Activation of c-erbB-2 was correlated
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not
associated with c-erbB-2 activation in most studies (11 of 14). Tetraploid DNA
content and low proliferation, measured by Ki-67, have been suggested as
prognostic factors and may correlate with c-erbB-2 activation.s7

Correldtion of c-erbB-2 Activation With Clinical Prognostic Factors
Various studies have attempted also to correlate c-erbB-2 activation with clinical
features that may predict a poor outcome (Table 4). Activation of c-erbB-2
correlated with absence of estrogen receptors in 10 of 28 serles and with ab-
sence of progesterone receptors in 6 of 18 series. In most studies, patient age
did not correlate with c-erbB-2 activation, and, in the rest of the reports, c-
erbB-2 activation was associated with either younger or clder ages.

Correlation of c-erbB-2 Activation With Patient Quicome

Slamon et al?™#! first showed that amplification of the c-erbB-2 oncogene inde-
pendently predicts decreased survival of patients with breast carcinoma. The
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as
the correlation of number of invilved Jymph nodes with poor outcome, Slamon
et al also reported that c-erbB-2 amplification is an important prognostic indica-

tor only in patients with lymph node metastasis, ™8

A large number of subsequent studies also attempted to correlate c-erbB-2
activation with prognosis (Table 5). In 12 series, there was a correlation be-
tween c-erbB-2 activation and tumor recurrence or decreased survival. In five
of these series, the predictive value of c-erbB-2 activation was reported to be
independent of other prognostic factors. In contrast, 18 series did not confirm
the carrelation of c-erbB-2 activation with recurrence or survival. Four possible
explanations for this controversy are discussed below.

One problem is that c-erbB-2 amplification .correlates with prognosis
mainly in patients with lymph node metastasis. As summarized in Table 5, most
studies of patients with axillary lymph node metastasis showed a correlation of
c-erbB-2 activation with poor outcome. In contrast, most studies of patients
without axillary metastasis have not demonstrated a correlation’ with patient
outcome. Table 6 summarizes the studies in which all patients (with and with-
out axillary metastasis) were considered as one group. There is a trend for
studies with a higher percentage of metastatic cases to show an association
between c-erbB-2 activation and poor outcome. Thus, most of the current
evidence suggests that c-erbB-2 activation has prognostic value only in patients
with metastasis to lymph nodes.
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TABLE 5, CORRELATION OF c-erbB-2 ACTIVATION WITH OUTCOME IN PA‘I’IENTS

WITH BREAST CARCINOMA
Number of Patients
With
Type ot Metastastis to
c-erhB-2 Axillary No " Statistical )
Ps Activation® Totel Lymph Nodes Metastasis Analysis® Reference
<0.05 DNA 176 M 87
<0.06 DNA 81 U 50
<0.05 DNA 57 v 65
<0.06 DNA 41 U 23
<0.05 mRNA 62 U 65
<0.05 - Protein 102 . M 101
<0.05 ONA 345 M 81
<0.05 DNA 120 U 17
<0.05 DNA 23] U 87
<0.05 DNA 86 M 79.
<0.05 Protein-WB’ 350 N 85
<0.05 Protein 62 44 U 101
0.05-0.15 DNA 57 U i
0.05-0.15 Proteln 189 M 92
0.05-0.1& Protein 120 v B6
>0.15 DNA 130 [V 118
>0.18 DNA 122 M 4
>0.16 DNA 50 V) 44
>0.16 mRNA 57 ) 50
. >0.15 Protein 290 M 86
‘ >0.15 Protein 195 v 1
_ >0.15 Proteln 102 v 39
g >0.18 Protein 197 U 17
>0.16 DNA 181 M 81
>0.15 DNA - 159 V) 17
>0.18 DNA 73 V] 87
>0.15 Protein-WB 378 U 85
>0.1§ Protein-W8 182 V] 17
o >0.15 Protein 141 v 86
'i : >0.15 Protein 41 U 40

al 0,05 to 0.5, and s not significant at >0.16.

5Shown ag veriable measured, Letters “WB* Indicate assay by Western blot; the other protein studles used
immunohistochamical methods.

°M = multivarlato statistical analysis; U = univariate statistical analysis.

“The endpoints of these sludies wers tumor recurrence or decreasad survival or both. Correlation between -
erbB-2 aclivation and a pooror patlent autcome Is statistically significant at <0.08, is of equivocal significance

1
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TABLE 8. PERCENTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED
WITH PROGNOSTIC SIGNIFICANCE OF c-erbB-2 ACTIVATION .

71 (DNA)®
. 70+
% of tumors with
lymph node
metastasis in .
each study 64(DNA)H 84 (MRNA)®
61 (DNA 61(DNAN
. 80- . :
59 (DNA)®
58(Proteln)te 58 (ONA)
57 (DNA\2
§5(Proteln)®
80- :
48{Protein)»
46(Protetn)®
42(Protain)s?
40 -
} : — {
P<0.05 0.05<P<0.15 P>0.16

P lor comrelation of o-erbB-2 activalien with patient oulcome.

Each study’s percentage of breast carcinomas with metastasis is compared with the corvelation betwaen o-
arbB-2 activation and oulcome. Thess data include orly those studles that considered, as one group, all breast
cancer patients, whether or not they had axtiiary metastasis. Superscripts are the referances. in parenthesas
are tho typss of c-arbB-2 aclivation. P values are Interpreted as in Table 3.

A second problem s that various types of breast carcinoma are grouped
together in many survival studies. Because the current literature suggests that
c-erbB-2 activation is infrequent in lobular carcinoma, studies that combine
infiltrating ductal and lobular carcinomas may dilute the proguostic effect of c-

-erbB-2.activation in ductal tumors. In addition, most studies do not analyze

inflammatory breast carcinoma separately. This condition frequently shows c-
erbB-2 activation and has a worse prognosis than the usual mammary carci-
noma, but it is an uncommon lesion.

A third potential problem is the paucity of studies that attempt to correlate
c-erbB-2 activation with clinical outcome in subsets of breast carcinoma without
metastasis. Two recent abstracts reported that in patients without lymph node
metastasis who had various risk factors for recurrence (such as large tumor size

and absence of estrogen receptors), c-erbB-2 overexpression predicted early’

recurrence.® In patients with ductal carcinoma in situ, one small study found
no association between tumor recurrence and c-erbB-2 activation. ©

A fourth problem is the lack of data regarding whether the prognosis
correlates better with c-erbB-2 DNA amplification or with mRNA or protein
overproduction. Most studies that find a correlation between c-¢rbB-2 activa-
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tion and poor patient outcome measure c-erbB-2 DNA amplification (Table 5),
and breust carcinoma patients with greater amplification of c-erbB-2 may have :
poorer survival. ®& Recent studics suggest that amplification has more prognos-
tic power than overproduction, %% but the clinical significance of c-erbB-2
overproduction without DNA amplification deserves further research.!%% Few
studies have attempted to correlate patient outcome with c-grbB-2 mRNA
overproduction, and many studies of c-erbB-2 protein overproduction use rela-
tively less reliable methods such as immunohistochemical studies with poly-
clonal antibodies. A

Comparison of c-erbB-2 Activation With Other Oncogenes In _ :
Breast Carcinoma _ i i
Other oncogenes that may huve prognostic implications in human breast cancer
are reviewed clsewhere.?% This section will be restricted to a comparison
hetween the clinical relevance of c-erbB-2 end these other oncogenes.

The e-myc gene is often activated in-breast carcinomas, but c-myc activa- -
tion generally has less prognostic importance than c-erbB-2 activation. 23818
One study found a correlation between increased mRNAs of c-erbB-2 and c-
myc, although other reports have not confirmed this. %1% Subsequent research,
however, could demonstrate a subset of breast carcinomas in which c-myc has
more prognostic importance than c-erbB-2. .

The gene c-erbB-1 for the epidermal growth factor receptor (EGFR) is
homologous with c-erbB-2 but is infrequently amplified in breast carcinomas. ™
Overproduction of EGFR, however, occurs more frequently than amplification
and may correlate with a poor prognosis. In studies that have examined both c-
erbB-2 and EGFR in the same tumor, c-erbB-2 has a stronger correlation with
poor prognostic factors. %42 Studies have tended to show no correlation between
amplification of c-erbB-2 and c-erbB-1 or overproduction of c-erbB-2 and EGFR,
although at the molecular level EGFR mediates phosphorylation of c-erbB-2
protein,1.sL6188.10 Recent reviews describe EGFR in breast carcinoma. 10

The genes c-erbA and ear-1 are homologous to the thyroid hormone recep-
tor, and they are located adjacent to c-erbB-2 on chromosome 17, These genes
are frequently coumplified with c-erbB-2 in breast carcinomas. The absence of
c-erbA expression in breast carcinomas, however, is evidence against an impor-~
tant role for this gene in breast neoplasia.® Amplification of c-erbB-2 can oceur !
without ear-1 amplification, and these tumors have a decreased survival that is
similar to tumors with both c-erbB-2 and ear-1 amplification.” Consequently,
c-erbB-2 amplification seems to be more important than amplification of c-erbA
or ear-1.

Other genes also have been compared with c-grbB-2 activation in breast
carcinomas. One study found a significant correlation between increased c-erbB-

2 mRNA and increased mRNAs of fos, platelet-derived growth factor chain A,
and Ki-ras.'% Allelic deletion of c-Ha-ras may indicate a poorer prognosis in
breast carcinoma, ? but it has not been compared with c-erbB-2 activation. Some
studies have suggested a correlation between advanced stage or recurrence of
- breast carcinoma and activation of any one of several oncogenes. 2.3
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES

incidence of c-erbB-2 Activation in Non-Mammary Tissues :
Table 7 summarizes the normal tissues in which c-erbB-2 expression has been
detected, usually with imununohistochemical methods using polyclonal anti-

TABLE 7. PRESENCE OR ABSENCE OF c-erbB-2 mRNA OR c-erbB-2 PROTEIN IN

NORMAL HUMAN TISSUES
Tissues With
c-erbB-2 Tissues Producing Tissues Lacking Tissues Lacking
mRNA c-erbB-2 Protelm*  c-arbB-2 mRNA c-erbB-2 Protein
Skinz4 Epidermis® 5 i
External root sheath®
Eccerine sweat gland®
Fetal oral mucosa® Postnatal oral mucosat?
Fatal esophagus® Postnatal esophagus®
Stomach Slomachz62
Fotal intesting™*
Jejunum® Small intesting?262
Colon? Colon®&2
Kidney? Fatal kidney®= Kidneys!™ Glomerulus® .
- Postnatal Bowman's capsule®
Fetal proximal tubulet? Postnatal proximal tubules
Distal tubutes?
Fetal coflacting ducts? Postnatal collecting ducts?
Fetal rensl pelvigs? Postnatal rensl palvis®
Fetal ureter® Postngtal fetal ureters?
Livers Hepatocytes= Liverees
" Pancreatic acini®
Pancreatic ducts%2 .
Endocrine cells of Islets Pancreatic islets®?
ot Langerhans®
Lung® . Fetaltrachea®, Postnatal trachea®
' “ " Fetal bronchioles®? Posinatal bronchioless
Bronchioles®w

Fetal brain

Thyraid*
Uterusx

Placenla®

Fetal ganglion cells®?

°va,y|z
Blood vesgels¥

Postnatal alveoli®z®

Postnatal brain®
Postnatal ganglion cells&

Endothelium®?

Adrenocortical cells®?
Postnatal thymus®
Flibroblastst?

Smooth muscle ceflg®®
Cardiac muscle cells®

This protein study used Waslem blots; the res used Immunchistochemical methods.

i bt e ...—...—-—'——.,....—J“
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bodies. Only a few studies have been performed, and some of these do not
demonstrate convincing cell membrane reactivity in the published photo-
graphs. The interpretations in these studles, however, aro listed, with the - -
caveat that these findings should be confirmed by immunoprecipitation or :
Western or RNA blots. Production of c-erbB-2 has been identified in normal
epithelium of the gastrointestinal tract and skin. Discrepancies regarding c-
_erbB-2 protein in other tissues could be due, at least in part, to differences in . !
techniques. ' !

The data on c-erbB-2 activation in various non-mammary neoplasms
should be interpreted with caution, because only small numbers of tumors have

" been studied, usually by immunohistochemical methods using polyclonal anti-
bodies. Studies using cell lines have been excluded, because cell culture can
induce amplificetion and overexpression of other genes, . although thls has not
been documented for c-erbB-2.

Activation of c-erbB-2 has been identified in 32 percent (64 of 203) of
ovarian carcinomas in eight studies (Table 8). One abstract®* stated that ovarian
carcinomas contained significantly more c-erbB-2 protein than ovarian non-
epithelial malignancies. Another report® showed that 12 percent of ovarian
carcinomas had c-erbB-2 overproducton without amplification.

Activation of c-erbB-2 has been identified in 20 percent (40 of 108) of
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of

TABLE 8. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS

c-orbB-2 c-erhB-2

mRNA Protein
c-arbB-2 DNA Over- - Over-
Tumor Type Amplification praduction  produciion b
Ovary—carcinoma, not otherwise 31/120,% 1/11,57 23/678 23773,12
spacifisd 076,97 0/6,84 0/3,112 36/720
072,72 01110

Ovary—sarous (papliiary) carcinoma 27,10 177,912 B/ - -
Ovary—endometriold carcinoma oo - -
Ovary—mucinous cascinoma 172,190 072 - -
Ovary—clear cell carcinoma 02,112 0117 - —
Ovary—mixed epitheflal carcinoma o/er — -
Ovary—aendometriold borderline tumor 07 - -
Ovary—mucinous borderline tumor 0737 - —
Ovary—garous cystadenoma 0/4%= - -
Ovary—mutinous cystadenoma orpr - -
Ovary——sclerosing stramal tumar o - -
; Ovary—fibrothecoma o — —_
? Uterus—endometral adenacarcinoma 0/4,8 0/1440 —_ —

*Shown as number of cases with ampiification (or overproduction)/fiotal number of cases studied; reference is
givan as suparsoript. All protein studlas used tmmunohistachemical methods.
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intestinal or tubular subtypes und 8 percent (4 of 47) of diffuse or signet ring coll
subtypes (Table 9). Activation of c-erbB-2 has been detected in.2 percent (6 of
281) of colorectal carcinomas, although an additional immunohistochemical
study detected c-erbB-2 protein in seven of eight tissues fixed in Bouin's solu-

tion. One study found greater immunochistochemical reactivity for c-erbB-2
protein in colonic adenomatous polyps than in the adjacent normal epithelium, -

using Bouin's fixative. Lesions with anaplastic features and progression to inva-
sive carcinoma tended to show decreased immunohistachemical reactivity for c-
erbB-2 protein.? Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci-
nomas (46 of 63 cases) reacted with antibodies against c-erbB-2 in one study, but
some of these “positive” cases showed only diffuse cytoplasmic staining, which

TABLE 9. ‘c-orbB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS”

c-erbB-2
Protein
c-erbB-2 DNA Over-
Tumor Type Amplitication " .production
Esophagus——squamous cell carcinoma o/1e? 0718t
Stomach—carcinoma, poorly differentiated Q/2a1e2 —
Stomach—adenocarcinomea 2/24,% 2/9 W7 2/g W1 4/27,% 371081
2/8,57 0/11%8
Stomach—carcinoma, intestinal or tubular typs 5/10t08 16/64>
_Stomach—carclnoma, diffuse or slgnet ring cell type 072108 445
Colorectum—carcinoma 2/43,% 145, /22,5 7/8=>
1/45,5" 1/45,%0
0/40,% 0/32,'%7 0/3%
Colon—vliious adenoma o/15 -
Colon—tubulovillous adenoma 0/5¢%0 —
Colon—tubular adenoma or7e 191197
Colon—-hyperplastic polyp 0/1% : -—
Intestine—lelomyosarcoma - _one
Hepatoceliular carcinoma 0/12m 12/14.95 /251
Hepatobiastoma 0/187 —
Cholanglocarcinoma —-_ 46/63%
Pancreas—adencocarcinoma —_ 2/80,41 0/6"
Pancreas—acinar carcinoma — o/t
Pancreas—<ciear cell carclnoma — 0/2%
Pancreas—large cell carcinoma -_ 073
Pancreas-——signet ring carcinoma — 014
Pancreas—chronic Inflammation — 0/144¢

*Shown as number of cases with amplification (o overproduction)iotal number of cases studied; referance is

glven as auperscript. Afl protein studiss used Immunohistochemical methods, No studlea anatyzed for o-erbB-
2 mANA.

#Tissuss fixed in Bouin's solution.
“Only cases with distinct membrane staining are interproted as showing c-erbB-2 overproduction,
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TABLE 10. c-erbB-2 ACTIVATION IN HUMAN PULMONARY TUMORS®

. cerbB-2
' o-erbB-2 DNA Protein
Tumor Type Amplification Overprogduction

Non-small cell carclnoma 2/60,75 0/60% 1/84%
Epldermold carcinoma 0/13,%2 0/10,57 0/62 KT
Adenocarcinoma’ 0/21,%2 1/13,® /7,1 077,67 Q397 4/12%
Large cell carclnoma 0/9 o/ .-
Small cell carclnoma — 0/26,% 03w
Carcinold tumor 0/1%2 0/3%

“Shown as number of cases with ampiification (or overproduction)total umber of cases studied: reference Is
given as superscript. Al proteln studles used Immunohlstochermical mathods. No studles analyzad for c-erbB-

2 mRNA.

does not indicate c-erbB-2 activation in breast neoplasms.™ Also, some pancre-
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto-
chemical reactivity for c-erbB-2 protein, in addition to the rare case of pancre-
atic adenocarcinoma with distinct cell membrane staining. ¢

Tables 10 through 14 summarize the studies of c-erbB-2 activation in other
neoplasms. The c-erbB-2 oncogene is not activated in most of these tumors.
Activation of c-erbB-2 has been detected in 1 percent (4 of 299) of pulmonary
non-small cell carcinomas in nine studies, although orie additional report®
found c-erbB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci-
noma hed c-erbB-2 activation in 7 percent (2 of 30) in four studies. Overproduc-
tion of c-erbB-2 protein was described in one transitional cell-carcinoma of the
urinary bladder, a grade 2 papillary lesion.® Squamous cell carcinoma and basal
cell carcinoma of the skin may contain c-erbB-2 protein, but it is not clear

TABLE 11. c-erbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS*

c-ertB-2 cerbB-2
. mRNA . Protein
carhB-2 DNA Oven Over-
Tumor Type Amplification production production
Hematologic mallignancles 0723 — -—
Matignant lymphoma 079,57 Q/3107 01 0/15¢
Acute leukemia 0/14% — —
Acute lymphaoblastic isukemia 0/4107 _ —_
Aoute myelobtastic lsukemla 0/3197 — -
Chronic leukemia 01185 -— —_
Chronle lymphooytio leukemia 0/6%7 -— -
Chronic myalogenous leukemla 0/8107 - -—
Myeloprofiferative disorder [Vall — —

#8hown as number of cages with ampilfication (or overproduction)total number of cases studled; teference ls
given as suparscripl. All proteln studles used Immunohistochemica) methods.
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TABLE 12. c-erbB-2 ACTIVATION IN HUMAN TUMORS OF SOFT TISSUE AND BONE®

c-erbB-2 DNA- -

Tumor Type ~ Amplification
Sarcoma 010, 07897
Malignant fibrous histiocytoma ~ 0/1197
Liposarcoma o3
Plaomorphic sarcoma VA RLY
Rhabdomyosarcoma 071107
Osteogenlo sarcoma - 072,47 os251
Chondrosarcoma Qw7
Ewing’s sarcoma 0/1s
Schwannoma ons

“Shown as number of cases with amplification {or overproduction\Aotal numbar of casss studled; reference fs
glven as suparscripl. No studies analyzed for c-erb8-2 mANA of c-erbB-2 protelin.

whether the protein level is increased over that of normal skin.’ Thyroid

" carcinomas and adenomas can have low levels of increased c-erbB-2 mRNA.
One abstract. described low-level c-erbB-2 DNA amplification in one of ten
salivary gland pleomorphic adenomas. ¥

Correlation of c-erbB-2 Activation With Patient Qutcome -
Very few studies have attempted to correlate c-erbB-2 activation in non-
mammary tumors with outcome. Slamon et al®! showed that c-erbB-2 amplifica-
tion or overexpression in ovarian carcinomas correlates with decfeased survival,
especially when marked activation is present. However, they did not report the
stage, histological grade, or histological subtype of these neoplasms. Another
study of stages III and IV ovarlan carcinomas found a correlation between
decreased survival and c-erbB-2 protein overproduction, but not between sur-
vival and histological grade.!* One abstract stated that c-erbB-2 protein overpro-
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased
disease-free interval. ™ Another abstract described a tendency for immunohisto-

TABLE 13. ¢-erbB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT®

cerbB-2 cerbB-2
mRNA Protein
oerbB-2 DNA Over- Ovar-
Tumor Type Ampilification production production
Kldney—-renal cell carcinoma 176,57 1/4,107 g/584 0/161% —_
Wiims' tumor 07457 - —
Prostate—~—adenocarcinoma — - 0/23%
Urinary bladder—carcinoma - - 1/48%

2Shown as number of cases wilh ampiification (or overproduction)/lotal number of cases studled; raference Is
given aa suparscript, Afl proteln studles used Immunohistochemical methods.
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TABLE 14. c-arhB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS®
" . cerbB-2
c-erbB-2 Proteln
DNA c-erbB-2 mRNA Over-
Tumor Type Amplificatlon Overproduction production
Skin—malignant melanoma - — 0108
Skin, head and neck—squamous  0/7'7 — - .
cell carcinoma ‘ ‘ :
Site not stated—squamous cell 0/8,57 g/2m — -— g N
carclnoma :
Salivary pland—adenocarcinema /178 —_ - :
Parotid gland-—adencld cystic — — 0/18
carclnoma . .
“Thyrold-——anapiastic carclnoma on T T —
Thyrold—papiliary carcinoma 0/5! 3(iow levels)/St ’ —
Thyrold—gdaenocarcinoma 07184 - -—
Thyrold—adenoma 02! 1(low tevels)f* —
Nsuroblastoma 0/35.9' 0/8,57 g/17s — —
Meningloma 0/2s -_ —
*Shown 85 number of cases with amplification {or overpraduction)/iotal number of cases studled; referonce is
given as suparscript. All protein studies used Immunohlstochemioal methods.
i - chemical reactivity for c-erbB-2 protein to correlate with higher grades of pros-
: tatic adenocarcinoma.”” Additional prognostic studies of ovarian carcinomas arid
other neoplasms are needed. ’
SUMMARY

Activation of the c-erbB-2 oncogene can occur by amplification of c-erbB-2
DNA and by overproduction of c-erbB-2 mRNA and c-erbB-2 protein. Approxi-
mately 20 percent of breast carcinomas-show evidence of c-erbB-2 activation,
which correlates with a poor prognosis primarily in patients with metastasis to
axillary lymph nades. Studies that have attempted to correlate c-erbB-2 activa-
tion with other prognostic factors in breast carcinoma have reported conflicting
conclusions. The pathologic and clinical significance of c-erbB-2 activation in
other neoplasms is unclear and should be assessed hy additional studies.

REFERENCES

1. Aasland R, Lillehaug JR, Male R, et al. Expression of oncogenes in thyroid tumors:
Coexpression of c-erbB%neu and c-erbB. Br ] Cancer, 57:358, 1988

2. Akiyama T, Sudo C, Ogawara H, et al. The product of the human c-erbB-2 gene: A !
185-kilodnlton glycoprotein with tyrosine kinase activity. Sclence. 232:1644, 1086




el

LVUY 1(1L0 DIHAA 01V ZLVUO JIVIL ANIU O

) )

glozz

10,
11.
12.

13.
14,
- 18,
- 18,

17.

18.

19,
20.

21,

c-erbB-2 ONCOGENE 185

. Ali IV, Lidereau R, Theillet C, Callahan R. Reduction to homozygosity of ﬁenes on

chromosome 11 in humun breast neoplasia. Science. 238:185, 1987

. Al IU, Campbell G, Lidereau R, Callahan R. Amplification of c-6rbB-2 and aggres-

sive human breast tumors, Science. 240:1795, 1688

. Ali TU, Campbell G, Lidereau R, Callahan R. Lack of evidence for the prognostic

significance of «-erbB-2 amplification in human breast carcinoma. Oncogene Res.
3:139, 1988 ) :

Bacus S8, Bacus JW, Slamon DJ, Press M¥, HER-2/neu oncogene expression and
DNA ploidy analysis in breast cancer. Arch Pathol Lab Med, 114:164, 1990

. Bacus SS, Ruby SG, Weinberg DS, et al. HER-%/neu oncogene expression and

proliferation in breast cancers. Am J Pathol. 137:108, 1990

. Bargmann CI, Huag MC, Weinberg RA. The neu ancvgeéne encodes an epidermal

growth factor receptor-related protein. Nature. 319:226, 1986

- Bargmann CI, Hung MC, Weinberg RA. Multiple independent activations of the

neu oncogene by a point mutation altering the transmembrane domain of pl85.
Cell. 45:649, 1986 '

Bargmann CI, Weinberg RA. Oncogenic activation of the neu-encoded receptor
protein by point mutation and deletion. EMBO J. 7:2043, 1988

Bames DM, Lammie GA, Millis RR, et al. An jmmunchistochemical evaluation of
c-erbB-2 expression in human breast carcinoma. Br J Cancer. 58.448, 1988
Berchuck A, Kamel A, Whitaker R, et al. Overexpression of HER-2/neu is associated
with poor survival in advanced epithelial ovarian cancer. Cancer Res. 50:4087, 1990
Berger MS, Locher GW, Saurer §, et al. Correlation of c-erbB-2 gene amplification
and protein cxpression in human breast carcinoms with nodal status and nuclear
grading, Cancer Res. 48:1238, 1988

Bernards R, Destree A, McKenzie S, et al. Effective tumor immunotberapy di-

rected agoinst an oncogene-encoded product using a vaccinia virus vector. Proc Natl

Acad Sci USA. 84:6854, 1987 ,
Biunno 1, Pozzi MR, Pierotti MA, et al. Structure and expression of oncogenes in
surgical specimens of buman breast carcinomas. Br J Cancer. 57:464, 1988

Borg A, Linell £ Idvall I, et al. Her2/neu amplification and comedo type breast
carcinoma. Lancet. 1:1268, 1989

Borg A, Tandon AK, Sigurdsson H, et ul. HER-Z/neu amplification predicts poor

survival in node-positive breast cancer. Cancer Res. 50;4332, 1990

Bouchard L, Lamarre L, Tremblay. PJ, Jolicoeur P..Stachastic appearance of mam-
mary tumors in transgenic mice carrying the MMTV/c-neu oncogene. Cell, 57:931,
1989 .

Curney WP, Retos C, Petit D, et al. Quantitation of the neu oncogene protein using
a monoclonal antibody based Immunoassay (abstrect). Mod Pathol, 3:15A, 1990
Cline MJ, Battifora H. Abnormalities of protooncogenes in non-small cell lung cancer:
Correlations with tumor type and clinical churacteristics. Cancer. 60:2669, 1987
Cline M]J, Battifora H, Yokota J. Proto-oncogene abnormalities in humap breast
cancer: Correlations with anatomic features and clinical course of disease. J Clin
Oncol. 5:999, 1987

Cohen JA, Weiner DB, More KF, et al. Expression pattern of the ney (NGL) gene-
cncoded growth factor receptor protein (p185%¥) in normal and transformed epithe-
lial tissues of the digestive tract. Oncogene. 481, 1959

Colnaghi M1, Miottl S, Andreola §, et al. New prognostic factors in breast cancer
(abstract). Am Assoc Cancer Res Ann Meeting. 30:230A, 1989




1Z/UY/7 20U L7119 KAA 310 208 5971 INFO 6 do23

186

24,

- 5.

26.

27,

28.

30.

3l.
32.

" 33.

36.

37.

38.
39.
40,
41.

42.

43.

8 )

T.P. SINGLETON AND J.G. STRICKLER

Coussens L, Yang-Feng TL, Liao YC, et al. Tyrosine kinase receptor with éxtensive
homology to EGF receptor shares chromosomal location with neu oncogene. Sci-
ence. 230:1132, 1885

Di Fiore PP, Pierce JH, Kraus MH, et al. erbB-2 is a potent oncogene when
overexpressed fn NIH/3T3 cells. Sclonce. 237:178, 1887

Drebin JA, Link VC, Weinberg RA, Greene M1, Inhibition of tumor growth by a
monoclonal aatibody reactive with an oncogene-encoded tumor antigen. Proc Natl
Acad Sci USA, 83:0129, 1986

Drebin JA, Link VC, Greene MI. Monoclonal antibodies reactive with distinct
domains of the neu oncogene-encoded p185 molecule exert synergistic anti-tumor !
effects in vivo, Oncogene. 2:273, 1988 : :

e,

. Drebin JA, Link VC, Greene MI. Monoclonal antibodies specific for the nex

oncogene product directly mediate anti-tumor effects tn vivo. Oncougene. 2:387,
1888 . . A

Falck VG, Gullick WJ. c-erbB-2 ancogene praduct staining in gastric adenncarci-
poma. An immunohistochemical study. J Pathol. 169:107, 1989

Fendly BM, Winget M, Hudzisk RM, et al. Characterization of murine monoclonal
antibodies reactive to either the human epidermal growth factor receptor or HER2/
neu gene product. Cancer Res. 50:1550, 1990 )

Fontaine J, Tesseraux M, Klein V, et al. Gene amplification and expression of the
neu (c-erbB-2) sequence in human mummary carcinoma. Oncology. 45:360, 1988
Frye RA, Benz CC, Liu E. Detection of amplified oncogenes by differential poly-
merase chain reaction. Oncogene. 4:1153, 1989

Fukushige S], Matsubara KI, Yoshida M, et al. Localization of a novel v-erhB.
velated gene, c-erbB-2, on human chromosome 17 and its amplification in a gastric
cancer cell line. Mol Cell Biol, 6:955, 1986 : ’

Guerin M, Barrois M, Terrier MJ, et al. Overexpression of either c-myc or c-erbB-2/
neu proto-oncogenes in human hreast carcinomas: Correlation with poor prognosis,
Oncogene Res. 3:21, 1988

Guerin M, Gabillot M, Mathieu MC, et ul. Structure and expression of c-erbB-2 and
EGF receptor genes in fuflammatory and son-inflammatory breast cancer; Prognos-
tic significance. Int J Cancer. 43:201, 1989

Gullick W, Berger MS, Bennett PLP, et . Expression of the c-erbB-£ protein in
normal and transformed-cells. Int ] Cancer. 40:246, 1987 : )
Gullick W], Venter DJ. The c-erbB2, gene and its expression in human cancers. In: o
Waxman ], Sikora K, eds. The Molecular Biology of Cancer. Boston, Blackwell Sci

Publ; 1089; 38-53

Gullick WJ. Expression of the c-erbB-2 proto-oncogene protein in human breast

cancer. Recent Results Cancer Res. 113:51, 1989

Gusterson BA, Machin LG, Gullick WJ, et al. c-erbB-2 expression in benign and

malignant breast disease, Br J Cancer. 58:453, 1988

Gusterson BA, Machin LG, Gullick WJ, et al. Immunchistochemical distribution of

c-erbB-2 in infiltrating and in situ breast cancer. Int J Cancer: 42:842, 1988

Hall PA, Hughes CM, Staddon SL, et al. The c-erbB-2 proto-oncogene in human

pancreatic cancer. J Pathol. 161:195, 1980 i

Hanna W, Kahn HJ, Andrulis I, Pawson T. Distribution and patterns of staining of

neu oncogene product in benign and malignant Lreast discases, Mod Pathol. 3:455,

1980

Harris AL, Nicholson S. Epidermal growth factor receptors in human breast concer.




1erUY/s LUUO L1 I1T FAA QLU 4LUG DYUIL INFU &

0 0

@o24

I

45.

46.

47.

48.

49,

&0.

S1.

S2.

ga

57,
S8.

59.

60.

B81.

62.

c-erbB-2 ONCOQENE 187

In: Lippman ME, Dickson RB, eds. Breast Cancer: Cellular and Molecular Biology,.
Boston, Kluwer Academic Publ; 1688; 93-118

Heintz NH, Lesle KO, Rogers LA, Howard PL. Amplification of the c-erhB-2
oncogene and prognosts of breust sdenacarcinoma. Arch Pathol Lab Med. 114:160,
1980 :

Huettner P, Carney W, Dalellis R, etal. Quantification of the neu oncogene product
in ovarian neoplasms (abstract). Mod Pathol. 3:46A, 1980 '

Hung MC, Yan DH, Zhso X. Amplification of the proto-nes oncogene facilitates
oncogenic activation by a single point mutation: Prac Natl Acad Sci USA. 86:2545,
1989 '

Hyncs NE, Gerber HA, Saurer 8, Groner B. Overexpression of the c-erhB-2 pro-
tein {n human breast tumor cell lines. J Cell Bivchem. 39:187, 1989

Kahn HJ, Hanna W, Auger M, Andreulis 1. Expression and amplification of ney .

oncogene in pleomorphic-adenoms of salivary glands (abstrect). ‘Mod Pathol. 3;50A,
1980

King CR, Kraus MH, Aaronson SA. Amplification of a novel v-erbB-related gene in
4 human mammary carcinoma. Science. 229:974, 1985

King CR, Swain SM, Porter L, ot al. Heterogeneous expressinn of erhB-2 messen-
gaer RNA in human breast cancer. Cancer Res. 49:4185, 1989

Kokai Y, Dobashi K, Weiner DB, etal. Phosphorylation process induced by epider-
mal growth factor receptor alters the oncogenic and cellular neu (NGL) gene prod-
uets. Proc Natl Acad Sci USA. 85:5389, 1988

Lacroix H, Iglehart JD, Skinner MA, Kraus MH. Overexpression of erbB-2 or EGF

receptor proteins present in early stage mummary carcinema is detected simulta- -

neously in matched primary tumors and regional metastases. Oncogene. 4:145, 1989

. Lemoine NR, Staddon S, Dickson C, et al. Absence of activating transmembrane

mutations in the ¢-erbB-2 proto-vncogene in human breast cancer. Oncogene.
5:237, 1980

Lodato RF, Maguire HC, Greene M}, et al. Immunochistochemical evaluation of ¢
erbB-2 oncogene expression in ductal carcinoma in site and atypical ductal hyper-
plasia of the breast. Mod Pathol, 3:449, 1990

- Maguire HC, Greene MI. The ney (c-erbB-2) oncogene. Semin Oncol. 16:148, 1989
- Maguire HC, Jaworsky C, Cohen JA, et al. Distribution of neu (c-erbB-2) protein in

human skin. j Invest Dermatol, 89:786, 1989

Masuda H, ‘Battifora H, Yokota }, et al. Specificity of proto-oncogene amplification
in human malignant diseases. Mol Biol Med. 4:213, 1987 ‘

McCann A, Dervan PA, Johnston PA, et al. c-erbB-2 oncoprotein expression in
primary buman tumors. Cancer. 65:88, 1890 ]

McKenzie $], Marks PJ, Lam T, et al. Generation and characterization of mono-
clonal antibodies specific for the human ney oncogene product, pl85, Oncugene,
4:543, 1989

Meltzer S}, Ahnen DJ, Battifora H, et al. Protooncogene abuormalities in colon
cancers and adenomatous polyps. Gastroenterology. 92:1174, 1987

Mori 8, Akiyama T, Morishita Y, et al. Light and electron microscopical demonstra-
tion of c-erbB-2 gene product-like immunoreactivity in human malignant tumors,
Virchows Arch [B]. 54:8, 1687

Mori 8, Akiyama T, Yamada Y, et al. C-erbB-2 gene product, a membrane protein
commonly expressed in human fetal epithelial cells. Lab Invest. 61:93, 1989

- Muller W], Sinn E, Pattengale PK, et-al. Single-step induction of mammary




L4/UY/ LUV R (LU I'AA

188

65,

66.

67.

68.

70.

71,
72.
73.

74.
75.
76.
.

78.

79.

80.

81.

1V 2Zus DYTL INFU 6

0

0

@ozs

T.P. SINGLETON AND J.G. STRICKLER

adenocarcinoma in ~trans§enic mdce bearing the activated c-neu oncogene. Cell.
54:105, 1888

Ong G, Gullick W, Stkora X. Oncoprotein stability after tumor resection. Br J
Cancer. 61:538, 1990 . .
Parks HC, Lillycrop K, Howell A, Craig RK. C+rbB2 mRNA expression in human
breast tumors: Comparison with c-erbB2 DNA amplification and eorrelation with
prognosis. Br J Cancer. 61:39, 1980 .

Popescu NC, King CR, Kraus MH. Localization of the erbB-2 gene on normal and
rearranged chromosomes 17 to bapds ql2-21.32. Genomics. 4:362, 1089

Press MF, Pike MC, Paterson MC, et al. Overexpression of HER-2/nou. proto-
oncogene in'node negative breast concer: Correlation with increased risk of early
recurrent disease (abstract). Mod Pathal. 3:80A, 1950

- Ramachandra S, Machin L, Ashley S, et al. Inmunohistochemical distribution of c-

erbB-2 in in situ breast carcinomp: A.detailed morphological analysis, J Pathol
161:7, 1990 T

Rio MC, Belloeq JP, Gairard B, et al. Specific expression of the pS2 gene. in
subclasses of breast cancers in comparison with expression of the estrogen and
Progesterone receptors and the oncogene ERBBS. Proc Natl Acad Sci USA. 84:0243,
1987

Robinson R, Kern J, Weiner D, et al. p185 expression in human lung non-small
cell carcinomas: An immunohistochemical study with dlinicopathologic correlation
{abstruct). Mod Pathol. 3:85A, 1930

Rochlitz CF, Benz CC. Oncogenes in human solid tumors. In; Benz C, Liv E, eds.
Oncogenss. Boston, Kluwer Academic Publ; 1089: 199240

Sasano H, Garret CT, Wilkinson DS, et al. Protuoncogene amplification and tumor
ploidy in human ovarian veoplasms. Hum Pathol. 21:382, 1680

Schechter AL, Stern DF, Vaidyanathan L, et al. The new oncogene: An erb-B-
related gene encoding a 185,000-M, tumor antigen. Nature, 312:513, 1984
Schechter AL, Hung MC, Vaidyanathan L, et al. The neu gene: An erbB-
homologous gene distinct from and unlinked to the gene encoding the EGF recep-
tor. Science. 228:976, 1985 .
Schueider PM, Hung MC, Chiocca SM, etal. Differential expression of the c-erbB-
2 gene in human small cell and non-small cell lung cancer. Cancer Res. 49:4968,
1989

SembaK, Kamata N, Toyoshima K, Yamamoto T, A v-eérbB-related protooncogene,
c-erbB-2, is distinct from the c-erhB-llepidermal growth factor-receptor gene and is
amplified in a human salivary gland adenucarcinoma. Proc Nutl Acad So USA.
82:6497, 1685

Seshadri R, Matthews C, Dobrovic A, Harsfall DJ. The signikicance of oncogene
amplification in primary breast cancer. Int ] Cancer. '43:270, 1989

Shih C, Padhy LC, Murray M, Weinberg RA. Transforming genes of carcinomas
and neurvblastomas introduced into mouse Abroblasts. Nature. 290:261, 1981
Slamon DJ, Clark GM, Wong 5G, et al. Human breast cancer: Correlation of
relapse and survival with amplification of the HER-3fneu oncogene. Science,
235:177, 1987

Slamon DJ, Clark GM. Amplification of c-erbB-2 and eggressive human breast
tumors. Science. 240:1795, 1988 _

Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-2/neu proto-
oncogene in humaa breast and ovarian cancer. Scisnce. 244:707, 1888




Lar vy’ &V 7.

L1 I'fAA 94V cUOD IVI(L iNMU O

¥woze

82,

83.

84.

86,

87.

89.

81.

92.

95.

96.

88.

99.

o-orbB-2 ONCOGENE 189

Slebos RJC, Evers SG, Wagenaar SS, Rodenhuis S: Cellular protooncogenes-are.
infrequently amplified in untreated non-small cell lung cancer. Br J Cancer. 59:76, -

1988 .

Stern DF, Kamps MP, Cao B. Oncogenic activation of p185" stimulates tyrosine
phosphorylation in vivo, Mol Cell Biol, 8:3960, 1988

Tal M, Wetzler M, Josefberg Z, et al. Sporadic amplification of the HER/neu
proteoncogene in adenocarcinomas of various tissues. Cancer Res. 48:1517, 1988

- Tandon AK, Clark GM, Chamness GC, et al. HER-2/neu oncogene protein and

progaosis in breast cancer. J Clin Oncol. 7:1120, 1989

Thor AD, Schwartz LH, Koemer FC, et al. Analysis of c-erbB-2 expression in
breast carcinomes with clinical follow-up. Cancer Res. 49:7147, 1989

Tsuda H, Hiroheshi S, Shimosato Y, et al. Correlation between long-term survival in
breast cancer patients and amplification of two putative oncogene-coamplification
units: kst-1/int-2 and c-erbB-2 [ear-1. Cancer.Res.49:3104, 1989

- Tsutsumi Y, Naber SP; DelLellis RA, et al. Neu oncogene protein and epidermal

growth factor receptor are independently expressed in benign and malignant breast
tissues. Hum Pathol. 21:750, 1980

Tsutsumi Y, Stork PJ, Wolfe Hj. Detection of DNA amplification and mRNA

overexpression of the neu oncogene in breast carcinomas by polymerase chata reac-
tion (abstract). Mod Pathol. 3:101A, 1980

Van de Vijver M, van de Bersselaar R, Devilee P, et al, Amplification of the neu (c-

erbB-2) oncogene in human memmary tumors is relatively frequent and is often

accompanied by amplification of the linked c-erbA oncogene. Mol Cell Biol. 7:2018,
1987 ' .

Van de Vijver MJ, Mooi WJ, Wisman P, et al. Immunohistochemical detection of the
neu protein in tissue sections of human breast tumors with amplified new DNA.
Oncogene. 2:175, 1988 '

Van de Vijver MJ, Peterse JL, Mooi WY, et al. Neu-protein overexpression in breast
cancer: Association with comedo-type ductal carcinoms in situ and limited prognos-
tic value in stage XI breast cancer. N Engl J Med, 319:1239, 1988

. Varley IM, Swallow JE, Brammar WJ, et al. Alterations to ejther c-erbB-2 (neu)or c-

myc proto-oncogenes in breast carcinomas correlate with poor short-term prognosis.
Oncogene. 1:423, 1987

. Veater DJ, Tuzi NL, Kumar S, Gullick W]. Overexpression of the c-erbB-2
; oncoprotein jn. buman breast carcinomas: Immunchistological assessment correlates

with gene amplification. Lancet. 2:69, 1987

Voravud N, Foster CS, Gilbertsan JA, et al. Oncogene expression in cholangiocarci-
uoma and in normal hepatic development. Hum Pathol. 20:1163, 1989

Walker RA, Senior PV, Jones JL, et al. An tmmunohistochemical and in situ hybrid-

lzation study of c-myc and c-erbB-2 expression in primary human breast carcioomas.
J Pathol. 158:97, 1989

. Ware JL, Maygarden SJ, Koontz WW, Strom SC. Differential reactivity with anti-c-

erbB-2 antiserum omong human malignant and benign prostatic tissue (abstract).
Am Assoc Cancer Res Ann Meeting, 30:437A, 1989

Weiner DB, Liu ], Cohen JA, et al. A point mutation in the neu oncogene mimics
ligand induction-of receptor aggregation. Nature. 339:230, 1989

Weiner DB, Nordberg ], Robinson R, et al. Expression of the neu gene-encoded
protein (pl185™¢) in human non-small cell carcinomas of the lung. Cancer Res.
60:421, 1680




1270972003 17:21 FAX 310 208 5971 JINFO 6

190

100.
101.

102.

103.

104,
105.
1046,
107.
108,
109.
10
111.
lig,

na.

0

A

T.P. SINGLETON AND J.Q. STRIGKLER

Wells A. The epidermal growth factor receptor and its ligand. In: Benz C, Liv E,
eds. Oncogenes, Boston, Kluwer Academic Pub; 1989: 143168 .
Wright C, Angus B, Nicholson S, et al. Expression of c-erbB-2 oncoprotein: A
prognostic indicator in human breast cancer, Cancer Res. 48:2087, 1589

Wu A, Colombero A, Low J, et al. Analysis of expression and mutation of the erbB-
2 gene in breast carcinoma by the polymerase chain reaction (ebstract). Mod
Pathol. 3:108A, 1990

Yamamoto T, Ikawa S, Akiyama T, et al. Similarity of protein encoded by the
hvman c-erbB-2 gene to epidermal growth factor receptor. Nature. 319:230, 1986
Yao M, Shuin T, Misaki H, Kubota Y. Enhanced expression of c-myc and epidermal
growth factor receptor (C-erbB-1) genes in primary human renal cancer. Cancer
Res. 48:6753, 1988 :

Yarden Y, Weinberg RA. Experimental approaches to hypothetical hormones: De-
tection of a candidate ligand of the neu protooncogene. Proc Not! Acad Sci USA.
86:3178, 1989 AR ' -

‘Yee LD, Kacinski BM, Carter D. Oncogene structure, function and expression in

breast cancer. Semin Diagn Pathol, 6:110, 1989

Yokota J, Yamamato T, Toyoshima K, et al, Amplification of c-erbB.2 oncogene in
human adenoearcinomas in vivo. Lancet..1:765, 1986

Yokota J, Yamamoto T, Miyajima N, et al. Genetic alterations of the c-erbB-2
oncogene occur frequently in tubular adenacarcinoma of the stomach and are often
accompanied by amplification of the v-erbA homologue. Oncogene. 2:283, 1988
Zeillinger R, Kury F, Czerwenka K, et al. HER-2 amplification, steroid rceeptors
and cpidermal growth factor receptor in primary breast cancer. Oncogene. 4:109,
1889

Zhang X, Silva E, Gershenson 1), Hung MC. Amplification and rearrangement of
c-erbB proto-oncogenes in cancer of human female genital tract. Oncogene. 4:985,
1989 )

Zhou D, Battifora H, Yokota J, et al. Assoctation of multiple copies of the c-erbB-2
oncogene with spread of breast cancer. Cancer Res. 47:6123, 1987

Zhou D, Gonzalez-Cadavid N, Ahuja H, et al. A unique pattern of proto-vncogene
abnormalities in ovarian sdenocarcinomas. Cancer. 62:1573, 1088

Zhou D, Ahuja H, Cline MJ. Proto-oncogene abnormalities in human breast can-
cer: c-erbB-2 amplification does not correlate with recurrence of disease. Onco-

gene. 4:105, 1989, .. s, .- .ol




~ "
8”17 2004 11:15 FR CISTI ICIST
[ 7y

o _

613 952 9303 /T\CR 15712720230
&

Research

Discordant Protein and mRNA Expression in
Lung Adenocarcinomas™ ‘

Guoan Cheng, Tarek G. Gharib$, Chiang-Ching Huangs, Jeremy M. G. Taylor§,
David E. MisekY, Sharon L. R. Kardial, Thomas J. Giordano™*, Mark D. lannettonit,
Mark B. Orringerd, Samir M. Hanashf], and David G. Beert t

The relationship between gene expression measured at
the mRNA leve! and the corresponding protein level is not
well characterized in human cancer. in this study, we
compared mRNA and protein expression for a cohort of
genes in the same lung adenocarcinomas. The abun-
dance of 165 protein spots representing 98 individual
genes was analyzed in 76 lung adenocarcinomas and nine
non-neaplastic lung tissues using two-dimensional poly-
acrylamide gel electrophoresis. Speclfic polypeptides
were identified using matrix-assisted laser desorption/
jonization mass spectrometry. For the same 85 samples,
mRNA levels were determined using oligonucieotide mi-
croarrays, allowing a comparative analysis of mRNA and
protein expression among the 165 protein spots. Twenty-
eight of the 165 protein spots (17%) or 21 of 98 genes
(21.4%) had a statistically significant correlation between
protein and mRNA expression (r > 0.2445; p < 0.05);
however, among all 165 proteins the correlation coeffi-
cient vatues () ranged from —0.467 to 0.442. Correlation
coofficient values were not related to proteln abundance.
Further, no significant correlation between mRNA and
protein expression was found {r-= —0.025) if the average
levels of mRNA or protein among all samples were applied
across the 165 protein spots (98 genes). The mRNA/
protein cotrelation coefficient also varied among pro-
teins with multiple isoforms, indicating potentlally sep-
arate isoform-specific mechanisms for the regulation of
protein abundance. Among the 21 genes with a signifi-
cant correlation between mRNA and protein, five genes
differed significantly between stage | and stage il lung
adenocarcinomas, Using a quantitative analysis of mRNA
and protein expression within the same lung adenocarci-
nomas, we showed that only a subset of the proteins
exhibited a significant correlation with mRNA abundance,
Molecular & Cellular Proteomics 1:304-313, 2002

Lung cancer is the leading cause of cancer death for both
men and women in the United States. Adenocarcinomas of
the lung comprise ~40% of all new cases of non-small cell
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lung cancer and are now the most common histologic type. -

Functional genomics, broadly defined as the comprehensive
analysis of genes and their products, have become a recent
focus of the life sciences (1). Application of these approaches to
lung adenocarcinomas has the potential to aid in the identifica-
tion of high risk patients with resectable early stage lung cancer
that may benefit from adjuvant therapy, as well as to identify
new therapeutic targets. In human lung cancer, however, little is
currently understood regarding the relationship between gene
expression as determined by measuring mRNA leveis and the
corresponding abundance of the protein products.

A number of powerful techniques for analysis of gene ex-
pression have been used including differential display 2,
setial analysis of gene expression (3), DNA microarrays (4),
and proteomics via two-dimensional polyacrylamide gel elec-
trophoresis and mass spactrometry {5). Bicinformatics tools
have also been developed to help defermine guantitative
mRNA/protein expression profiles of all types of cells and
tissues (6) and now can be applied to benign and malignant
tumors. DNA microarrays (CDNA and oligonucieotide) permit
the parallel assessment of thousands of genes and have been
utilized in gene expression monitoring (7), polymarphism anal-
ysis {8), and DNA sequencing (9).. Recent studies have fo-
cused on classification or identification of subgroups of lung
tumors using DNA microarrays (10, 11). The use of mRNA
expression patterns by themselves, however, is insufficient for
understanding the expression of protein products, as addi-

tional post-transcriptionai mechanisms, Including protein

translation, post-translational modification, and degradation,
may influence the level of a protein present in a given cell or
tissue. Proteomic analyses, a complementary technology to
DNA microarrays for monitoring gene expression, involves
protein separation and quantitative assessment of protein

“spots using 2D'-PAGE and protein identification using mass

spectrometry. By combining proteomic and transcriptionat
analyses of the same samples, however, it may be possible to
understand the complex mechanisms influencing protein ex-
pression in human cancer.

~ In this study, we determined mRNA and protein tevels for
165 proteins (98 genes) in 76 lung adenocarcinomas and nine

Iy

' The abbreviations used are: 20, two-dimensional; MALDI-MS,
matrix-assisted laser desorption/ionization mass spectrometry.
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Protein and mRNA Correlation in Lung Adenocarcinomas

TasLe |

Gorrelation coefflcients of pratein and mANA where only one spot was present on 20 gels
r, comelation coefficient value > 0.2445; p < 0.05. Values In boldface are significant at p < 0.05.

Spot Unigene Gene name r Protein name

1104 Hs.184510 SFN 0.4337 14-3-3 o

0994 Hs.77840 ANXA4 0.4219 Annexin IV

1314 Hs.10858 DJ-1 0.3982 DJ-1 protein/MERS

1454 Hs. 75428 sOD1 0.3863 Superoxide dismutase (Cu-Zn)

1638 Hs, 227751 LGALST1 0.3318 . Galactin 1

0264 Hs,129548 HNRPK 0.3034 Transformation up-regulated nuclear protein
1405 Hs.111334 FTL 0.2649 Ferritin light chain

0963 Hs.300711 ANXAS 0.2468 Annexin V

1252 Hs,4745 PSMC 0.2445 26 S proteasome p28

0305 Hs.234489 LDHB 0.4420 L-lactate dehydrogenase H chain (LDH-B)
117 Hs.241515 COX11 0.2310 COX 11

1160 Hs.181013 PGAM1 0.2023 Phosphoglycerate mutase

0759 Hs.74635 OLD 0.1965 Dihydrolipoamide dehydrogenase precursor
1193 Hs.83383 AOE372 0.1932 Antloxidant enzyme AOE372

0172 Hs.3069 HSPASB 0.1872 GRP75

o777 Hs.979 POHB 0.1855 Pyruvate dehydrogenase E1-f subunit precursor
1249 Hs.226795 GSTP1 0.1773 Glutathione S-transferase pi (GST-pi}

1685 Hs. 76136 TXN 0.1732 Thioredoxin

1205 Hs.82314 HPRTY 0.1588 HG phosphoribosyliransferase

1230 Hs.279860 TPT1 0.14€6 Translationally controlied tumor protein (TCTP)
0603 - Hs.181357 LAMR1 0.1463 LAMR :

1358 Hs.28914 APRT 0.1399 Adenine phosphoribosy! transferase

1410 Hs.82113 puT 0.1213 dUTP pyrophosphatase (dUTPase)

1825 Hs, 112378 LIMSH 0.1213 Pinch~2 protein

0871 Hs.250502 CAB 0.1122 Carbonic anhydrase-related protein; Syntaxin
0289 Hs.82916 CCT6A 0.1106 Chaperonin-like protein

1143 Hs.11465 GSTTLp28 0.0997 Glutathione S-transterase homolog (GST homolog)
1456 Hs.118638 NME1T 0.0932 Nm23 (NDPKA)

1698 Hs.278503 RIG 0.0905 RIG (U32331)

1354 Hs.89761 ATPSD 0.0804 FIFO-type ATP synthase subunit d

1445 Hs.155485 HiP2 0.0843 Huntingtin interacting protein 2 (HIP2)

1478 Hs.177486 APP 0.0746 Amyloid B4A :

0608 Hs.182265 KRT19 0.0439 Cytokeratin 18

1071 Hs.10842 RAN 0.0277 GTP-binding nuclear protein RAN(TC4)
0981 Hs.297839 CTSB 0.0254 Cathepsin B

0842 Hs.77274 PLAU 0.0248 Urokinase plasrninogen activator

0B23 Hs.198248 B4GALTH 0.0183 8 1,4-galactosyl transferase

0613 Hs.1247 APOA4 0.0176 Apolipoprotein Ad (ApoA4)

1338 Hs.104143 CLTA 0.0123 Ciathrin light chain A

0802 Hs.5123 SID6-306 0.0117 Cytosolic Inorganic pyrophosphatase

1688 Hs.1473 GRP -0.0040 Preprogastrin-releasing peptide

0265 Hs.274402 HSPA1B ~0.0071 Heat shock-induced protein

1414 Hs, 77541 ARFS —-0.0086 ADP-ribosylation factor 1

0710 Hs5.97206 HIP1 -0.0114 Huntingtin interacting protein 1 (HIP1)

0532 Hs.170328 MSN -0.0132 MoesIn/E

0525 Hs.2B4255 ALPP -0.0148 Alkaline phosphate, placental

0513 Hs.76901 PDIR -0.0289 Protein disulfide Isomerase-related protein 5
1659 Hs.256687 HINT -0.0312 Protein kinase C inhibitor

1262 -Hs.7016 RAB7 -0.0362 Rab 7 protein LT
0190 Hs.184411 ALB -0.0470 Albumin

0948 Hs.2795 LDHA ~0.0549 Lactate dehydrogenase-A (LDHA)

0502 Hs.180532 GPI -0.0575 Hsp89

0152 Hs.75410 HSPAS -~0.0640 GRP78

1054 Hs.74276 CLIC1 -0.0686 Nuclear chioride channel (RNCC protein)
0709 Hs.253485 SFTPD ~0.0936 Pumonary surfactant protein D

08e7 Hs.,78996 PCNA -0.0982 PCNA .

0165 Hs.180414 HSPAS -0.1014 Heat shock cognate protein, 71 kDa

1109 Hs.75103 YWHAZ -~0.1018 14-3-3 YA

0137 Hs.554 SSA2 -0.1032 Ro/ss-A antigen
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Tasle I—continusd

Spot Unlgene Gene name Protein name

0278 Hs.4112 TCP1 -0.1237 T-complex protein |, o subunit

1769 Hs.9614 NPM1 -0.1738" B23/numatrin

0089 Ms.74335 HSPCB -0.2049 Hsp90

2511 Hs.1583179 FABPS . —0.2109 E-FABP/FABPS

1739 Hs.16488 CALR . ~0.2344 Calreticulin 32

1138 Hs.301861 GST™M4 —0.2438 Glutathlone S-transferase M4 (GST m4)
2533 Hs.77060 PSMB6 ~0.2512 ° Macropaln subunit 4

non-neoplastic lung tissues. Protein levels were’ determined
using quantitative 2D-PAGE analysis, and the separated pro-
tein polypeptides were identified using matrix-assisted laser
desorption/ionization mass spectrometry (MALDI-MS). The
corresponding MBNA levels for the identified proteins within
the same samples were determined using oligonucleotide
microarrays. Correlation analyses showed that protein abun-
dance is likely a reflection of the transcription for a subset of
proteins, but translation and post-translational modifications
also appear to influence the expression levels of many indi-
vidual proteins in lung adenocarcinomas.

EXPERIMENTAL PROCEDURES

Tissues—Fifty-seven stage | and 19 stage lll lung adenocarcino-
mas, as well as nine non-neoplastic lung tissus samples, were used
for protein and mRNA analyses. Patient consent was obtained, and
the project was approved by the Institutional Review Board. Al tis-
sues -were obtained after resection at the University of Michigan
Health System between May 1991 and July 1998. Tissues were ali
snap-frozen in tiquid nitrogen and then stored at —80 °C. The patients
included 46 females and 30 males ranging in age from 40.9 to 84.6
{average 63.8) years. Most patients {66/76) demonstrated a positive
smoking history. Sixty-one tumor samples were classified as bron-
chial-derived, 14 were classified as bronchoalveciar, and ons had
both features. Eighteen tumor samples were classified as well differ-
entlated, 38 were classified as moderate, and 18 were classified as
poorly differentiated adenocarcinomas. Hamatoxylin-stained cryostat
sections (5 um), prepared from the same tumor pieces to be utilized
for protein and mRNA isclation, were evaluated by a pathologist and
compared with hematoxylin- and eosin-stained sections made from
paraffin blocks of the same tumors. Specimens were excluded from

analysis if they showed unciear or mixed histology (e.g. adenosqua- .

mous), tumor cellularity less than 70%, potential metastatic origin as
indicated by previous tumor history, extensive lymphocytic Infiltration,
or fibrosis or If the patlent had received prior chemotherapy or
radiotherapy.

Oliganucleotide Aray Hybridization—The HuGensFL oligonucleo-~
tide arrays (Affymetrix, Santa Clara, CA) containing 6800 genes were
used in this study. Total RNA was isolated from all samples using
Trizol reagent (Invitrogen). The resulting RNA was then subjected to
further purificatlon using RNeasy spin columns (Qiagen). Preparation
of cRNA, hybridization, and scanning of the HuGeneFL arrays were
performed according to the manufacturer's protocol (Affymetrix,
Santa Clara, CA). Data analysis was performed using GeneChip 4.0
software. The gene expression profile of each tumor was normalized
to the median gene expression profile for the entire sample. Details of
data trimming and normallzation are described elsewhere (11).

2D-PAGE and Quantitative Frotein Analysis—Tissue for both pro-
tein and MRNA isolation came from contiguous areas of each sample.
Protein separation using 2D-PAGE, silver staining, and digitization

were performed as described praviously (12, 13). Our 2D-PAGE sys-
tem allows us to run 20 gels at one time (one batch), Spot detection
and quantification were accomplished utilizing Bio Image Visage Sys-
tem software (Bloimage Corp., Ann Arbor, MY). The integrated inten-
sity of each spot was calculated as the measured optical density
units X mm?. Of the total possible 2000 spots detectable on each gel,
820 spots on the gel of each sample were matched using a Ge!-ed
match program with the same spots on a chosen “master” gel. In
each sarmple, 250 ubiquitously expressed reference spots were used
to adjust for variations between gels, such as that created by subtie
differences In proteln loading or gel staining. Slight differences be-
cause of batch were corrected after spot-size quantification.

Mass Spectrometry and 2D Western Blotting—Preparative 2D gels
were run using extracts from A549 lung adenacarcinoma cells {ob-
tained from ATCC) and using the identical experimental conditions as
the analytical 2D gels, except 30% more proteln was loaded. The

- resolved protein gefs were silver-stalned using succassive incuba-
- tions in 0.02% sodium thlosulfate for 2 min, 0.1% silver nitrate for 40

min, and 0.014% formaldehyde plus 2% sodiumm carbonate for 10
min. For protein identification, protein polypeptides underwent trypsin
digestion followed by MALDI-MS using a MALDI-TOF Voyager-DE
mass spectrometer (Perseptive Biosystems, Framingham, MA). The
masses were compared with known trypsin digest databases using
the MS-FIT database (University of California, San Francisco:
prospector.ucsf.edu/ucsthtmi3 2/msfit.htm). Some of the polypep-
tides included In the analysls had been Identified prior to this study on
the basis of sequencing (14). The identified protein spots used in this
paper are shown In Fig. 1A. The method for 20-PAGE Western blot
verification was as described previously (15). The 2D Westem blots of
GRP58 and Op18 are shown In Fig. 1, C and £; the others, such as
GRP78, GRP75, HSP70, HSC70, KRT8, KRT18, KRT19, Vimentin,
Apod, 14-3-3, Annexin I, Annexin i, PGPY.5, DJ-1, GST-pi, and
PGAM, are described elsewhere.?

Statistical Analysls—Missing values were replaced with the mean
value of the protein spot. The transform x — log (1 + x) was applied
to normalize all protein expression values. The relationship between
protein and mRNA expression levels within the same samples was
examined bsing the Spearman correlation coefficient analysis (16). To
identify potentially significant comrelations between gene and protein
expression, we used an analytical strategy simifar to SAM (signifi-
cance analysis of microarrays) (17), which uses a permutation tech-
nique to determine the significance of changes in gene expression
between different biological states. To obtaln permuted correlation
cosfficients between gene and protein expression, genes were ex-
changed first in such a way that permutated conrelation coefficient
were calculated based on pseudo pairs of genes and proteins. The
distribution of permutated correlation cosfficients became stable after

-60 permutations, This procedure was then repeated 60 times to

obtain 60 sets of permutated correlation coefficients. For each of the
60 permuttations, the correlations of genes and proteins were ranked

2 Chen et al., submitted for publication,
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Tasie Il
Corralation coefficlents of protein and mRNA where muitiple isoforms were present on 20 gels

1, comelation coefficient value > 0.2445; p < 0.05. Values in boldface are signiﬁc'znt atp < 0,05,

Spot Unigene Gene name r Protein name
1494 Hs.81915 LAP18 0.4003 OP18 (Stathmin}

0857 Hs.77889 TPM1 0.3930 Tropomyosins 1-5

0353 Hs.289101 GRPS8 0.3802 Proteass disulfide isomerase (GRPS8}
0855 Ms. 169476 GAPD 0.3683 Glyceraldehyde-3-phosphate dehydrogenase
1198 Hs.41707 HSPB3 0.3668 Hsp27

1203 Hs.83848 TP 0.3395 Triose phosphate Isomerase (T! Pl
0523 Hs.65114 KRT18 0,3335 Cytokeratin 18

1492 Hs.81915 LAP18 0.3234 OP18 (Stathmin)

1493 Hs.81815 LAP18 0.3154 OP18 (Stathmin)

1181 Hs.78225 ANXA1 0.3102 Annexin variant |

0439 Hs,242463 KRT8 0.3049 Cytokeratin 8

0505 Hs.297753 VIM 0.2939 Vimantin

0583 Hs.297753 ViM 0.2809 Vimentin

1874 Hs.75313 AKR1B1 0.2730 Aldose reductase

0935 Hs.75544 YWHAH 0.2775 14-3-3

2524 Hs, 78225 ANXA1 0,2612 Annexin |

2324 Hs.65114 KRT18 0.2601 Cytokeratin 18

1192 Hs.41707 HSPB3 0.2558 Hsp27

0350 Hs.289101 GRP58 0.2516 Phosphallpase C (GRP58)

0992 Hs.75313 AKR181 —0.2460 Aldose reductase

0861 Hs.75313 AKR1B1 0.0761 Aldose reductase

0853 Hs.75313 AKR1B1 ~0.0675 Aldose reductase

2503 Hs.76392 ALDH1 ~0.0565 Aldehyde dehydrogenase

0381 Hs.76392 ALDH1 -0.0371 Aldehyde dehydrogenase

0371 Hs.76392 ALDH1 ~0.0680 Aldehyde dehydrogenase

1179 Hs.78225 ANXAT 0.2052 Annexin variant |

0762 Hs.78225 ANXA1 -0.0739 Annexin |

0760 Hs.78225 ANXA1 -0.0228 Annexin |

2506 Hs.217493 ANXA2 0.2223 Lipocotin {annexin )

0772 Hs.217493 ANXA2 0.2080 Lipacotin (@annexin 1)

0723 Hs.217493 ANXAZ 0.0701 tipocotin )

1239 Hs.93194 APOAI1 0.1133 Apolipoprotein A1 (AgoA1)

1237 Hs.93194 APOA1 -0.0373 Apolipoprotein At (ApoAt)

1234 Hs.93194 APOA1 —-0.0894 Apolipoprotein A1 (ApoAl)

0428 Hs.25 ATPS5B 0.0080 ATP synthase g subunit precursor
0427 Hs.25 ATPSB 0.0122 ATP synthase B subunit precursor
D424 Hs.25 ATPSB -0.0882 ATP synthase B subunit precursor
0863 Hs. 75106 cLU —0.0483 Apolipoproteln J (ApoJ)

0780 ~ Hs.75108 cLu -0.0443 Apolipoprotein J (ApoJ)

1527 Hs.119140 EIF5A -0.0726 elF-5A

1484 Hs.119140 EIF5A -0.0376 elF-5A

1728 Hs.5241 FABP1 -~0.1916 L-FABP

1712 Hs.5241 FABP1 -0.0473 L-FABP

0947 Hs.169476 GAPD 0.1745 Glyceraldehyde-3-phosphate dehydrogenase
1232 Hs.75207 GLO1 0.2248 « Glyoxalase-|

1229 Hs.75207 GLO1 0.0450 Glyoxalase-1

1595 Hs.158300 HAP1 - —0.0137 Huntingtin-associated proteln 1 (neurcan 1)
1810 Hs.75990 HP -~0.4672 a-Haptoglobin

1459 Hs.75990 HP 0.0802 «-Haptoglobin

1458 Hs.75990 HP -0.0305 a-Haptoglobin

0619 Hs.75990 HP 0.0461 B-haptoglobin

0615 Hs. 75890 HP -0.0034 B-haptoglobin

1250 Hs.41707 HSPB3 -0.1024 Hsp27

0549 Hs.79037 HSPD1 0.1074 Hsp60

0338 Hs.79037 HSPD1 0.2265 Hsp60

0333 Hs.79037 HSPDA1 0.1383 Hsp60

0331 Hs.78037 HSPD? 0.1603 Hsp60

2381 Hs.65114 KRT18 0.2016 Cytokeratin 18

0535 Hs.65114 KRT18 0.1108 Cytokeratin 18
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TaBLE ll—continued
Correlation coefficients of protein and mANA where multiple Isoforms were present on 2D gels

r*, cormelation cosfficient value > 0.2445; p < 0.05. Values in botdface are significant at p < 0.05.

Spot Unigene Gene name r Protein name

0529 Hs.65114 KRT18 0.1279 Cytokeratin 18

0528 Hs.65114 KRT18 0.0414 Cytokeratin 18

0527 Hs.86114 KRT18 0.0436 Cytokeratin 18

0514 Hs.65114 KRT18 0.0733 Cytokeratin 18

0451 Hs.242463 KRT8 —-0.0111 Cytokeratin 8

0446 Hs.242463 KRT8 0.0347 Cytokeratin 8

0444 Hs.242463 KRT8 -0.1311 Cytokeratin 8

0443 Hs.242463 KRT8 0.0942 Cytokeratin 8

1488 Hs.81915 LAP18 0.0485% QP18 (Stathmin)

0321 Hs. 75655 P4HB —-0.0546 PDI (proly-4-OH-B)

0320 Hs.75655 P4HB —0.0041 POI (proly-4-OH-B)

1063 Hs.75323 PHB 0.0441 Prohibitin

0837 Hs.76323 PHB 0.1402 Prohibitin

0326 Hs.297681 SERPINA1 -0.0227 a-1-Antitripsin

0322 Hs.297681 SERPINA1 -0.0277 a-1-Antitripsin

0241 Hs.297681 SERPINA1 -0.0148 a-1-Antitripsin

1280 Hs.301254 SFTPA1 —(.1488 Pulmonary surfactant-associated protein
1278 Hs.301254 SFTPA1 —0.2040 Puimonary surfactant-associated protein
0866 Hs.73980 TNNTY 0.11862 Troponin T

0778 Hs.73980 TNNT1 0.0740 Troponin T -

1213 Hs.83848 TP 0.0024 Triose phosphate isomerase (TPI)

1210 Hs.83848 TPIN 0.0480 Triose phosphate isomerase (TP)

1207 Hs.83848 TPH ~0.1615 Triose phosphate isomerase (TPY

1204 Hs.83848 ™, 0.0208 Triose phosphate isomerase (TP

1202 Hs.83848 TPI 0.0721 Triose phosphate isomerase (TPY)

1161 Hs.83848 TP 0.2265 Triose phosphate Isomerase (TPl

1052 Hs.77899 TPM1 -0.1040 Tropomysin clean-product

1038 Hs.77898 TPMY -0.2999 Cytoskeletal tropomyosin

1035 Hs.77889 TPM1 -0.3821 Tropomyasin

0783 Hs.77899 TPM1 0.0757 Tropomyosins 1-5

1574 Hs.184366 TR —-0.0065 Transthyretin

0808 Hs.194366 TTIR 0.0399 Transthyretin multimere

2202 Hs.76118 -UCHL1 -0.0220 Ubiguitin carboxyl-terminal hydrolase isozyme L1
12486 Hs. 76118 UCHL1 ~0,1261 Ubiquitin carboxyl-terminal hydrolase isozyme L1
1242 Hs.76118 UCHL1 0.1473 Ubigquitin carboxyi-terminal hydrolase isozyme L1
0606 Hs.297753 ViM 0.0951 Vimentin

0594 Hs.2977563 ViM —-0.2664 Vimentin-derived protein (vid4)

0508 Hs.297753 ViM 0.1008 Vimentin-derived protein (vid2)

0419 Hs.297753 ViM 0.0032 Vimentin-derived protein (vid1)

1279 Hs.75544 YWHAH 0.0059 14-3-3

such that p.{) denotes the ith largest comelation coefficient for pth
permutation, Hence, the expected comrelation coefficlent, ‘pgl), was the
average over the 60 permutations, pell) = Z5%  p,(/60. A scatter plot of
observed correlations (p{f)) versus the expected correlations is shown in

Fig. 2D. For this study, we chose threshold A = 0.115 so that corelation ~

would be considered significant If absolute value of difference between
Al and pgli) was greater than the threshold. Twenty-nine (including one
with observed correlation coefficient —0.4672) of 165 pairs of gene and
protein expression were called significant In such criteria, and the
permuted data generated an average of 5.1 falsely significant pairs of
gene and protein expression. This provided an estimated false dls-
covery rate (the percentage of pairs of gene and protein expression
identified by chance) for our data set.

RESULTS

Correlation of Individual Proteins and mRNA Expression
within Each Tumor—We have examined quantitatively 165

protein spots on 2D gels representing 98 genes and com-
pared protein levels with mRNA levels for a cohort of 85 lung
adenocarcinomas and normal jung samples. Of the 165 pro-
tein spots, 69 proteins were represented by only one known
spot on 2D gels for an individual gene, whereas 96 protein
spots showed multiple protein products from 29 different
genes. 2D Wester blotting verified the proteins Identified by
mass spectrometry when specific antibodies were available.
Spearman correlation coefficients of the proteins and their
associated mRNA for each protein spot were generated using
all 76 lung adenocarcinomas and nine non-neoplastic lung
tissues (see Tables | and ll, and see Figs. 1 and 2). The
correlation coefficients (1) ranged from —0.467 to 0.442 (Fig.
2D). A total of 28 protein spots {21 genes) were found to have
a statistically significant correfation between exprassion of
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Fie. 1, A, digital image of a silver-stained 2D-PAGE separation of a stage | lung adenocarcinoma showing protein spots separated by
molecular mass (MW) and Isoelectric point (P/). Twenty-eight protein spots whose expression levels are correlated with mRNA abundance are
indicated by the black arrows. B, the outlined areas of A showing protein GRP58. C, 2D Western blot of GRPS8 from the A543 lung
adenocarcinoma cell line. D, the outlined areas o! A showing the protein isoforms of Op18. E, 2D Western blot of Op18 from AS549 cells.

their protein and mRNA (r > 0.2445; p < 0.05}. This accounts
for 17% (28/165) of the 165 protein spots. Among the 69

genes for which only a single protein spot was known (Table

1), nine genes (9/69, 13%) were observed 1o show a statisti-
cally significant relationship between proteln and mRNA
abundance {r > 0.2445; p < 0.05). The proteins whose ex-

pression levels were correlated with their mRNA abundance -

included thoss involved in signal transduction, carbohydrate
metabolism, apoptosis, protein post-translational modifica-
tion, structural proteins, and heat shock proteins (Table IlI).
Individual Isoforms of the Same Protein Have Different
Protein/mRNA Correlation Coefficients—Qf the 165 protein

spots, 96 represent proteln products of 29 genes with at least -

two isoforms. Among these 96 protein spots, 19 (19/96 pro-
tein spots, 20%) showed a statistically significant correlation
between their protein and mRNA expression {r > 0.2445; p <
0.05) (Tabte II) and represented 12 genes (12/29, 41%). Individ-

val isoforms of the same protein demonstrated different .
protein/mRNA correlation coefficients. For example, 2D-PAGE/

Western analysis revealed four isoforms of OP18 differing in
regards to isoelectric point but similar in molecular weight.
Three of the four isoforms (spots 1492, 1493, and 1494) showed
a statistically significant correlation between their protein and

mMRNA abundance {~ = 0.3234, 0.3154, and 0.4003, respective- '

ly). The forth isoform (spot 1488) showed no correlation be-

tween protein and mRNA expression (r = 0.0495). Similarty, just
one of five quantified isoforms of cytokeratin 8 (spot 439) dem-
onstrated a statistically significant correlation between protein
and mRNA abundance {r = 0.3049; p < 0.05) (Table li}.

In addition to differences in the relationship between mRNA
levels and protein expression among separate isoforms, some
genes with very comparable mRNA levels showed a 24-fold
difference in their protein expression. Genes with comparable

“proteln expression levels also showed up to a 28-fold vari-
- ance in their mRNA levels.

Lack of Correlation for mRNA and Protein Expression when

" Using Average Tumor Values across All 165 Protein Spots (98

Genes}—The relationship between mRNA and protein expres-

.sion was also examined by using the average expression

values for all samples, To analyze this relationship using this
.approach, the average value for each protein or mRNA was
generated using all 85 lung tissue samples. The range of
normalized average protein values ranged from —0.0646 to

" 0.0979 (raw value 0.0036 to 4.1847), and the range for mRNA

was from O to 15260.5 for all 165 individua! protein spots. The
Spearman correlation coefficient for the whole data set (165
protein spots/98 genes) was —0.025 (Fig. 3A). Even for the 28
protein spots (Fig. 2D) that were found to have a statistically
significant correlation between their mRNA and protein, use of

Molecular & Cellular Proteomics 1.4 309
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FiG. 2. A-C, plots showing the correlation between mRNA and proteln for the three selected genes Op18, Annexin {V, and GAPD for all 76
lung adenocarcinomas and nine non-neoplastic lung samples (o < 0.05). D, distribution of all 165 Spearman cormeiation coefficients (7} and
verification analysis using SAM. A more detailed dascription of the method is provided under “Experimental Procedures.” Approximately 17%
of the 165 proteins demonstrate a significant correlation between mRNA and protein levels as demonstrated by the values shown beyond the
outer range of threshold & = 0.115. 1\{ormalized protein values were used, thus negative values for some proteins are observed.

the average value resulted in a correlation coefficient value of
—~0.035, which was not significant (Fig. 38).

Lack of a Relationship between Protein/mRNA Correlation
Coefficients and Average Protein Abundance~—To determine
whether an absolute protein level might influence the corre-
lation with mRNA, the mean value of each protein (relative
abundance) and the Spearman protein/mRNA correlation co-
efficients among all 85 samples were examined, No relation-
ship between the protein abundance and the correlation co-
efficients was observed (r = 0.039; p > 0.05). A detailed
analysis of separate subsets of protelns with differing levels of
abundance {less than —0.0014, larger than —0.0014, or larger
than 0.0077) also showed a lack of correlation between mRNA
and protein expression among the 83 (50%), 82 (50%), and 41

(25%) of 165 total protein spots, respectively (- = 0.016, 0.08,

and 0.172, respectively).

Stage-related Changes in the Protein/mRNA Correlation
Coefficients —To determine whether the 21 genes (28 protein
spots) showing a significant correlation between the protein
and mRNA expression among all samples demonstrate
changes in this relationship during tumor progression, the
correlations were examined separately for stage | {7 = 57) and

stage i (n = 19) lung adenocarcinomas (Table lil). The num-
ber of non-neoplastic lung samples (7 = 9) was insufficient for
a separate correfation analysis of this group. Many of the
protein spots represent one of several known protein isoforms
for a given gene. The majority of genes (16/21) did not differ in
the proteln/mRNA correlation between stage | and stage Il
tumors indicating a similar regulatory refationship between the
mRNA and protein spot. GRP-58, PSMC, SOD1, TP, and
VIM, however, were found to demonstrate significant differ-
ences in the correlation coefficients between stage | and
stage Il lung adenocarcinomas. Far GRP-58, PSMC, and VIM
the change in the correfation coefficient was because of a
relative increase in protein expression in stage 1l fumors. For
SOD and TPI the change resulted from a relative decrease in
expression of this specific protein in stage 1ll tumors.

DISCUSSION

Relatively little is known about the regulatory mechanisms
controlling the complex patterns of protein abundance and
post-translational modification in tumors. Most reports con-
cerning the regulation of protein translation have focused on
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TJasLe il
Stage-dependent analysis of protein-mRNA correlation coefficients

r, comelation coefficlent. Values in boldtace Indicate a significant difference between stage | and stage !l

Spot Gene name 7 (Stage |) 1 (Stage 1Y) Function

1874 AKR1B1 0.269 0.106 Carbohydrate metabolism; electron transporter
2524 ANXA1 0.184 0.672 Phospholipase inhibltor; signal transduction

0994 ANXAG 0.660 0.362 Phosphotipase inhibitor

0963 ANXAS 0.241 0.380 . Phospholipase Inhibitor; calcium binding; phospholipid binding
1314 DJ-1 0.363 0.354 Signat transduction

1405 FTL 0.126 0.358 ‘lron storage proteln

0855 GAPD 0.243 0.581 Carbohydrate metabolism (glycolysis regulation)
0350 GRPS8 0.327 -0.087 Signal ransduction; protein disulfide isomerase
0264 HNRPK ~0.360 0.243 RNA-binding protsin (RNA processing/modification)
1192 HSPB3 0.457 0.633 Heat shock proteln

0523 KRT18 0.115 0.371 Structural protein

0439 KRT8 0.323 0.436 Structural proteln

1492 LAP18 0.483 0.663 Signal transduction; cell growth and maintenance
1638 LGALS1 0.200 0.528 Apoptosis; cell adhesian; celi size control

1252 PSMC 0.253 0.060 _Protein degradation

1104 SFN 0.465 0.475 Signal transductlon (protein kinase C inhibitor)
1454 SOD1 0.352 0.079 Oxidoreductase

1203 ™n 0.378 0.008 ‘Carbohydrate mstabolism

0957 TPM1 0.475 0.225 Structural protein (muscle); control of heart

0593 VIM - -0.054 0.556 Structural protein

0935 YWHAH 0.283 0.210 Signal transduction

one or several protein products (18). Celis et al. (19) found a
good correlation between transcript and protein levels among
40 well resolved, abundant proteins using a proteomlc and
microarray study of bladder cancer. By comparing the mRNA
and protein expression levels within the same tumor samples,
we found that 17% (28/165) of the protein spots (21/98 genes)
show a statistically significant correlation betwesn mRNA and
protein. These proteins appear to represent a diverse group of
gene products and include those involved in signal transduc-
tion, carbohydrate metabolism, protein modification, cell struc-
ture, heat shock, and apoptosis. These results suggest that
expression of this subset of 165 proteins Is likely to be regulated
at the transcriptional level in these tissues. The majority of the
protein isoforms, however, did not correlate with mRNA levels,
and thus their expression is regutated by other mechanisms. We
also observed a subset of proteins that demonstrated a nega-
tive correlation with the mRNA expression values; for example
o-haptoglobin demonstrated a strong negative correlation with
its mRNA expression values. This may reflect negative feedback

on the mRNA or the protein or the presencs of other regulatory.

influences that are not understood currently.
Post-translational modification or processing will result in
individual protein products of the same gene migrating to
different locations on 2D-PAGE gels (20). Because the identity
of all possible isoforms for each protein examined has not
been characterized completely, this may influence the corre-
fation analyses performed in this study. This is partly because
of limitations of the 2D-PAGE and mass spectrometry tech-
nologies {21, 22). Potential inconsistencies between mRNA

and protein correlations that have been reported may also be

because of differences, even in the same gene, in the mech-

anisms of protein translation among different cells or as
measured in different laboratories (23).

in this study, we examined 165 protein spots identified in
lung adenocarcinomas. Ninety-six protein spots, representing
the products of 29 genes, contained at least two protein
isoforms. Nineteen of 96 protein spots, representing 12
genes, were shown to have a statistically significant correla-
tion between their protein and mRNA expression, suggesting
that the levels of these proteins reflects the transcription of the
corresponding genes. Differences in protein/mRNA correlations
were found among the individual isoforms of a given protein. For
example, of the four OP18 isoforms, three showed a statistically
significant correlation between the protein and mRNA expres-
sion levels. The lack of relationship for the one isoform, how-
ever, indicates that Individual protein isoforms of the same gene
product can be regulated differentially. This Is not unexpected
and likely reflects other post-translational mechanisms that can
influence Isoform abundance in tissues and cancer.

In addition to the analyses of the correlation of mRNA/
protein within the same tumor samples, we also tested the

_global relationship between mRNA and the corresponding

protein abundance across all 165 protein spots in the lung
samples. A protein and mBNA average value for each gene
was generated using all 85 lung tissues samples. We ob-

" served a very wide range of normalized average protein and

mRNA values. The correlation coefficlent generated using this
average value data set was -0. 025, and even for the 28
protein spots that showed a statistically significant correlation

" between individual mMRNA and proteins, the correlation value

was only —0.035. This suggests that it is not possible 10

predict overall protein expression levels based on average
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mRNA abundance in lung cancer samples. This conclusion is

also supported by previous results from Andersen and Seil- .

hamer (24), who examined 19 genes in human liver cells, and
by Gygi et al. (25), who examined 106 genes in yeast. Both
studies found a lack of correlation between mRNA and protein
expression when average or overall levels were used.

A good correlation was reported when the 11 most abun-
dant proteins were examined in yeast {25), suggesting that the

teve! of protein abundance may be a factor that may influence.

the correlation between mRNA and protein. In the present
study, a fairly wide range of mean protein values among 165
protein spots in lung adenocarcinomas was observed, and
the correlation caoefficients also varied from —0.467 to 0.442.

mRNA mean value

A com;;arison between the mean value of each protein and
the correlation coefficient generated using all 85 tissue sam-
ples did not reveal a strong refationship between the overall
protein abundance and the comrelation coefficients (- = 0.039;
p > 0.05). Detailed analysis of different subsets of protein abun-
dance also failed to show a correlation between mRNA and
protein expression. Thus In contrast to yeast, a relationship
between mRNA/protein comrelation coefficient and protein
abundance In human lung adenocarcinomas was not observed.

The results of this study .indicate that the level of protein
abundance in fung adenocarcinomas is associated with the
corresponding levels of mRNA in 17% {28 proteins) of the
total 165 protein spots examined. This’ was substantially
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higher than the amount predicted to result by chance alone
(which was 5§.1) and suggests that a transcriptional mecha-
nism likely underlies the abundance of these proteins in lung
adenccarcinomas. We also demonstrate that the expression
of individua! isoforms of the same protein may or may not
correlate with the mRNA, Indicating that separate and likely
post-transiational mechanisms account for the regulation of
isoform abundance. These mechanisms may also account for
the differences in the comnrelation coefficients observed between
stage | and stage IIf tumors, indicating that specific protein
isoforms show regulatory changes during tumor progression.
Further studies in lung adenocarcinomas will examine the rela-
tionship between the expression of individual protein isoforms
and specific clinicat-pathological features of these tumors, such
as the presence of angiolymphatic invasion, and nodal or pleu-
ral surface involvement. The potential to identify specific protein
isoforms associated with blologlcal behavior in lung adenocar-
cinomas would be of considerable interest and will add to our
understanding of the regulation of gene products by transcrip-
tional, translational, and post-translational mechanisms.
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course of our research using microarray analysis, we have identified - :
approximately 200 gene transcripts that are present in human tumor cells at
significantly higher levels than in corresponding normal human cells. To date, we
have generated antibodies that bind to about 30 of the tumor antigen proteins
expressed from these differeritially expressed gene transcripts and have used these
antibodies to quantitatively determine the level of production of these tumor
antigen proteins in both human cancer cells and corresponding normal cells.” We
have then compared the levels of mRNA and protein in both the tumor and normal -
cells analyzed. '

5. From the mRNA and protgin expression analyses described in paragraph 4

~above, we have observed that there is a strong correlation between changes in the
“level of mRNA present in any particular cell type and the level of protein



expressed from that mRNA n that cell type In apprcxnmately 80% of our .
observations we have found that increases in the level of a particular mRNA

 correlates with changes in the level of protein expréessed from that mRNA ‘when
human tumor cells dre compared with thelr corresponding normal cells

. 6. Based upon my Own experience accumulated in more than 20 years of
research, including the data discussed in paragraphs 4 and 5 above-and my .
- knowledge of the relevant scientific literature, it is my considered scientific
_ opinion that for human genes, an increased level of mRNA in a fumor cell relative
_to a normal cell typlcally correlates to a similar increase in abundance of the
encoded protein in the turnor cell relative to the normal cell. In fact, it remains a
central dogma in molecular biology that increased mRNA levels are predictive of .
- corresponding increased levels of the. encoded protein. Whilé there have been
published reports of genes for which such a correlation does not exist, it is my.
opinion that such reports are exceptions to the commonly understood. general rule
“that increased mRNA levels are predlctlve of correspondmg increased levels of the .
encoded protein.

7. I hereby declare that all stateiments made herein of my own lcnowledge are
true and that all statements made on information or belief are believed to be true,
and further that these statements were made with the  knowledge that willful false
statements and the like so made are punishable by fine or Aimprisonment, or both,

- under Section 1001 of Title 18 of the United States Code and that such willful

~ statements may jeopardize the validity of the apphcatlon or any patent issued
thereon.

T e

Dated.: .5/d2/0j | . o @é//M/é

Paul Polakis, Ph.D.
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cts. If these minor cell proteins differ among cells to the same extent as the

- - ore abundant proteins, as is commonly assumed, only a small number of pro-

B o differences (perhaps several hundred) suffice to create very large differences
in cel morphology and behavior.

ACell Can Change the Expression of Its Genes
in Response to External Signals 3

Most of the specialized cells in a multicellular organism are capable of altering
their patterns of gene expression in response to extracellular cues. If a liver cell

8 whole § is exposed to a glucocorticoid hormone, for example, the production of several

lateg specific proteins is dramatically increased. Glucocorticoids are released during

periods of starvation or intense exercise and signal the liver to increase the
ability g roduction of glucose from amino acids and other small molecules; the set of
1gle cel proteiﬂs whose production is induced includes enzymes such as tyrosine amino-
f‘:ﬁzé’:ﬂt . gansferase, which helps to convert tyrosine to glucose. When the hormone is no

1onger’present, the production of these proteins drops to its normal level.
Other cell types respond to glucocorticoids in different ways. In fat cells, for
example, the production of tyrosine aminotransferase is reduced, while some
" other cell types do not respond to glucocorticoids at all. These examples illustrate
ageneral feature of cell specialization—different cell types often respond in dif-
ferent ways to the same extracellular signal. Underlying this specialization are
features that do not change, which give each cell type its permanently distinc-
tive character. These features reflect the persistent expression of different sets of
genes.

Gene Expression Can Be Regulated at Many of the Steps
in the Pathway from DNA to RNA to Protein 4

If differences between the various cell types of an organism depend on the par-
ticular genes that the cells express, at what level is the control of gene expression
exercised? There are many steps in the pathway leading from DNA to protein, and
all of them can in principle be regulated. Thus a cell can control the proteins it
makes by (1) controlling when and how often a given gene is transcribed (tran-
scriptional control), (2) controlling how the primary RNA transcript is spliced or
otherwise processed (RNA processing control), (3) selecting which completed
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con-
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes
(translational control), (5) selectively destabilizing certain mRNA molecules in
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti-
g Vating, or compartmentalizing specific protein molecules after they have been
made (protein activity control) (Figure 9-2).

For most genes transcriptional controls are paramount. This makes sense
because, of all the possible control points illustrated in Figure 9-2, only transcrip-
tonal control ensures that no superfluous intermediates are synthesized. In the
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. following sections we discuss the DNA and protein components that regulate the

initiation of gene transcription. We return at the end of the chapter to the other
ways of regulating gene expression. ’

Summary

The genome of a cell contains in its DNA sequence the information to make many
tho_)usands of different protein and RNA molecules. A cell typically expresses only a
Sfraction of its genes, and the different types of cells in multicellular arganisms arise
because different sets of genes are expressed. Moreover, cells can change the pattern
of genes they express in response to changes in their environment, such as signals from

_ other cells. Although all of the steps involved in expressing a gene can in principle be

regulated, for most genes-the initiation of RNA transcription is the most important
point of control.

DNA-binding Motifs in Gene
Regulatory Proteins °

How dces a cell determine which of its thousands of genes to transcribe? As dis-
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory
region of DNA near the site where transcription begins. Some regulatory regions
are simple and act as switches that are thrown by a single signal. Other regula-
tory regions are complex and act as tiny microprocessors, responding to a vari-
ety of signals that they interpret and integrate to switch the neighboring gene on
or off. Whether complex or simple, these switching devices consist of two fun-
damental types of components: (1) short stretches of DNA of defined sequence
and (2) gene regulatory proteins that recognize and bind to them.

We begin our discussion of gene regulatory proteins by describing how these
proteins were discovered.

Gene Regulatory Proteins Were Discovered Using
Bacterial Genetics ¢

Genetic analyses in bacteria carried out in the 1950s provided the first evidence
of the existence of gene regulatory proteins that turn specific sets of genes on
or off. One of these regulators, the lambda repressor, is encoded by a bacterial
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for
the protein components of new virus particles and thereby enables the viral ge-
nome to remain a silent passenger in the bacterial chromosome, multiplying with
the bacterium when conditions are favorable for bacterial growth (see Figure
6-80). The lambda repressor was among the first gene regulatory proteins to be
characterized, and it remains one of the best understood, as we discuss later.
Other bacterial regulators respond to nutritional conditions by shutting off genes
encoding specific sets of metabolic enzymes when they are not needed. The lac
repressor, for example, the first of these bacterial proteins to be recognized, turns
off the production of the proteins responsible for lactose metabolism when this
sugar is absent from the medium.

The first step toward understanding gene regulation was the isolation of
mutant strains of bacteria and bacteriophage lambda that were unable to shut
off specific sets of genes. It was proposed at the time, and later proved, that most
of these mutants were deficient in proteins acting as specific repressors for these
sets of genes, Because these proteins, like most gene regulatory proteins, are
present in small quantities, it was difficult and time-consuming to isolate them.
They were eventually purified by fractionating cell extracts on a series of stan-
dard chromatography columns (see pp. 166-169). Once isolated, the pro-
teins were shown to bind to specific DNA sequences close to the genes that they
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Summary

The many types of cells in animals and plants are created largely through mecha-
nisms that cause different genes to be transcribed in different cells. Since many spe-
dialized animal cells can maintain their unique character when grown in culture, the
gene regulatory mechanisms involved in creating them must be stable once estab-
lished and heritable when the cell divides, endowing the cell with a memory of its
developmental history. Procaryotes and yeasts provide unusually accessible model
systemns in which to study gene regulatory mechanisms, some of which may be rel-
evant 1o the creation of specidlized cell types in higher eucaryotes. One such mecha-
nism involves a competitive interaction between two (or more) gene regulatory pro-
teins, each of which inhibits the synthesis of the other; this can create a flip-flop
switch that switches a cell between two alternative patterns of gene expression. Di-
rect or indirect positive feedback loops, which enable gene regulatory proteins to
perpetuate their own synthesis, provide a general mechanism for cell memory.

In eucaryotes gene transcription is generally controlled by combinations of gene
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism
contains a specific combination of gene regulatory proteins that ensures the expres-
sion of only those genes appropriate to that type of cell. A given gene regulatory pro-
tein may be expressed in a variety of circumstances and typically is involved in the
regulation of many genes. :

In addition to diffusible gene regulatory proteins, inherited states of chromatin
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver-
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions
about gene expression that are made initially by other mechanisms.

Posttranscriptional Controls

Although controls on the initiation of gene transcription are the predominant
form of regulation for most genes, other controls can act later in the pathway
from RNA to protein to modulate the amount of gene product that is made. Al-
though these postiranscriptional controels, which operate after RNA polymerase
has bound to the gene’s promoter and begun RNA synthesis, are less common
than transcriptional control, for many genes they are crucial. It seems that every
Step in gene expression that could, be controlled in principle is likely to be regu-
lated under some circumstances for some genes.
We consider the varieties of posttranscriptional regulation in temporal or-
&, according to the sequence of events that might be experienced by an RNA
Molecule after jtg transcription has begun (Figure 9-72).

P"Smfansr:riptional Controls

Figure 9-71 A mechanism to explain
both the marked deficiency of CG
sequences and the presence of CG
islands in vertebrate genomes, A
black line marks the location of an
unmethylated CG dinucleotide in the
DNA sequence, while a red line marks
the location of a methylated CG
dinucleotide.
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Transcription and translation are the means by which cells read out, or express,
the genetic instructions in their genes. Because many identical RNA copies can
be made from the same gene, and each RNA molecule can direct the synthesis
of many identical protein molecules, cells can synthesize a large amount of
protein rapidly when necessary. But each gene can also be transcribed and
translated with a different efficiency, allowing the cell to make vast quantities of
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in
the next chapter, a cell can change (or regulate) the expression of each of its
genes according to the needs of the moment—most obviously by controlling
the production of its RNA.

Portions of DNA Sequence Are Transcribed into RNA

The first step a cell takes in reading out a needed part of its genetic instructions
is to copy a particular portion of its DNA nucleotide sequence—a gene—into an
RNA nucleotide sequence. The information in RNA, although copied into another
chemical form, is still written in essentially the same language as it is in DNA—
the language of a nucleotide sequence. Hence the name transcription.

Like DNA, RNA is a linear polymer made of four different types of nucleotide
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from
DNA chemically in two respects: (1) the nucleotides in RNA are
ribonucleotides—that is, they contain the sugar ribose (hence the name ribonu-
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the
bases adenine (A), guanine (G}, and cytosine (C), it contains the base uracil (U)
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen-
bonding with A (Figure 6-5), the complementary base-pairing properties
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with
C, and A pairs with U). It is not uncommon, however, to find other types of base
pairs in RNA: for example, G pairing with U occasionally.

Despite these small chemical differences, DNA and RNA differ quite dra-
matically in overall structure. Whereas DNA always occurs in cells as a double-
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a
variety of shapes, just as a polypeptide chain folds up to form the final shape of
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com-
plex three-dimensional shapes allows some RNA molecules tc have structural
and catalytic functions.

Transcription Produces RNA Complementary to
One Strand of DNA

All of the RNA in a cell is made by DNA transcription, a process that has cer-
tain similarities to the process of DNA replication discussed in Chapter 5.
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Figure 6-3 Genes can be expresseqg
with different efficiencies. Gene A is
transcribed and translated much more
efficiently than gene B.This allows the
amount of protein A in the cell to be
much greater than that of protein B,
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Figure 6-89 Protein aggregates that cause human disease, (A} Schematic illustration of the type of
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual
because the misfolded version of the protein, called PrP¥, induces the nbrmal PrP protein it contacts to
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is
not infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament,
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases.
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several
possible models for the conversion of PrP to PrP*, showing the likely change of two o-helices into four
B-strands. Although the structure of the normal protein has been determined accurately, the structure of the
infectious form is not yet known with certainty because the aggregation has prevented the use of standard
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et al., J. Mol. Biol. 273:729-739,
1997; D, adapted from S.B. Prusiner, Trends Biochem. Sd. 21:482-487, 1996.)

animals and humans. It can be dangerous to eat the tissues of animals that con-
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred
to as the “mad cow disease”) from cattle to humans in Great Britain.

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert
to its abnormal form. Although very few proteins have the potential to misfold
into an infectious conformation, a similar transformation has been discovered
to be the cause of an otherwise mysterious “protein-only inheritance” observed
in yeast cells.

There Are Many Steps From DNA to Protein

We have seen so far in this chapter that many different types of chemical reac-
tions are required to produce a properly folded protein from the information
contained in a gene (Figure 6-90). The final level of a properly folded protein in
a cell therefore depends upon the efficiency with which each of the many steps
is performed.

We discuss in Chapter 7 that cells have the ability to change the levels of
their proteins according to their needs. In principle, any or all of the steps in Fig-
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ure 6-90) could be regulated by the cell for each individual protein. However, as
we shall see in Chapter 7, the initiation of transcription is the most common
point for a cell to regulate the expression of each of its genes. This makes sense,
inasmuch as the most efficient way to keep a gene from being expressed is to
block the very first-step—the transcription of its DNA sequence into an RNA
molecule.

Summary

The translation of the nucleotide sequence of an mRNA molecule into protein takes
place in the cytoplasm on a large ribonucleaprotein assembly called a ribosome. The
amino acids used for protein synthesis are first attached to a family of tRNA
molecules, each of which recognizes, by complementary base-pair interactions, par-
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in
the mRNA is then read from one end to the other in sets of three according to the
genetic code.

To initiate translation, a small ribosomal subunit binds to the mRNA molecule
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A
large ribosomal subunit binds to camplete the ribosome and begin the elongation
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a
specific amino acid bind sequentially to the appropriate codon in mRNA by forming
complementary base pairs with the tRNA anticodon. Each amino acid is added to the
C-terminal end of the growing polypeptide by means of a cycle of three sequential

364 Chapter 6 : HOW CELLS READ THE GENOME: FROM DNATO PROTEIN

Figure 6~90 The production of a
protein by a eucaryotic cell. The fing)
level of each protein in a eucaryotic cell
depends upon the efficiency of each step
depicted.
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Gene Expression Can Be Regulated at Many of the Steps
in the Pathway from DNA to RNA to Protein

If differences among the various cell types of an organism depend on the partic-
ular genes that the cells express, at what level is the control of gene expression
exercised? As we saw in the last chapter, there are many steps in the pathway
leading from DNA to protein, and all of them can in principle be regulated. Thus
a cell can control the proteins it makes by (1) controlling when and how often a
given gene is transcribed (transcriptional control), (2) controlling how the RNA
transcript is spliced or otherwise processed (RNA processing control), (3)
selecting which completed mRNAs in the cell nucleus are exported to the cytosol
and determining where in the cytosol they are localized (RNA transport and
localization control), (4) selecting which mRNAs in the cytoplasm are translated
by ribosomes (translational control), (5) selectively destabilizing certain mRNA
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti-
vating, inactivating, degrading, or compartmentalizing specific protein
molecules after they have been made (protein activity control) (Figure 7-5).

For most genes transcriptional controls are paramount. This makes sense
because, of all the possible contro! points illustrated in Figure 7-5, only tran-
scriptional control ensures that the cell will not synthesize superfluous interme-
diates. In the following sections we discuss the DNA and protein components
that perform this function by regulating the initiation of gene transcription. We
shall return at the end of the chapter to the additional ways of regulating gene
expression.

Summary

The genome of a cell contains in its DNA sequence the information to make many
thousands of different protein and RNA molecules. A cell typically expresses only a
fraction of its genes, and the different types of cells in multicellular organisms arise
because different sets of genes are expressed. Moreover, cells can change the pattern
of genes they express in response to changes in their environment, such as signals
from other cells. Although all of the steps involved in expressing a gene can in prin-
ciple be regulated, for most genes the initiation of RNA transcription is the most
.Important point of control.

- DNA-BINDING MOTIFS IN GENE REGULATORY
- PROTEINS

. How does a cell determine which of its thousands of genes to transcribe? As
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con-
* trolled by a regulatory region of DNA relatively near the site where transcription
_begins. Some regulatory regions are simple and act as switches that are thrown
w-by a single signal. Many others are complex and act as tiny microprocessors,
Tesponding to a variety of signals that they interpret and integrate to switch the
neighboring gene on or off. Whether complex or simple, these switching devices

NA—BINDING MOTIFS IN GENE REGULATORY PROTEINS

Figure 7-5 Six steps at which
eucaryotic gene expression can be
controlled. Controls that operate at
steps | through 5 are discussed ipy this
chapter. Step 6, the regulation of protein
activity, Includes reversible activation or
inactivation by protein phosphorylation’
(discussed in Chapter 3) as well as
irreversible inactivation by proteolytic
degradation (discussed in Chapter 6).
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of
the DNA in vertebrate germ cells is inactive and highly methylated. Over long

regions have presumably been lost through spontaneous deamination events
that were not properly repaired. However promoters of genes that remain active
in the germ cell lineages (including most housekeeping genes) are kept
unmethylated, and therefore spontaneous deaminations of Cs that occur with-
in them can be accurately repaired. Such regions are preserved in modern day
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the
genome that destroyed the function or regulation of a gene in the adult would be
selected against, and some CG islands are simply the result of a higher than nor-
mal density of critical CG sequences.

The mammalian genome contains an estimated 20,000 CG islands. Most of
the islands mark the 5° ends of transcription units and thus, presumably, of
genes. The presence of CG islands often provides a convenient way of identify-
ing genes in the DNA sequences of vertebrate genomes.

Summary

The many types of cells in animals and plants are created largely through mecha-
nisms that cause different genes to be transcribed in different cells. Since many

division cycles and even when grown in culture, the gene regulatory mechanisms
involved in creating them must be stable once established and heritable when the
cell divides. These features endow the cell with a memory df its developmental history.
Bacteria and yeasts provide unusually accessible model systems in which to study
gene regulatory mechanisms. One such mechanism involves a competitive interac-
tion between two gene regulatory proteins, each of which inhibits the synthesis of the
other; this can create a flip-flop switch that switches a cell between two alternative
patterns of gene expression. Direct or indirect positive feedback loops, which enable
gene regulatory proteins to perpetuate their own synthesis, provide a general mech-
anism for cell memory. Negative feedback loops with programmed delays form the
basis for cellular clocks. _

In eucaryotes the transcription of a gene is generally controlled by combinations
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic
organism contains a specific combination of gene regulatory proteins that ensures
the expression of only those genes appropriate to that type of cell. A given gene regu-
latory protein may be active in a variety of circumstances and typically is involved
in the regulation of many genes. '

In addition to diffusible gene regulatory proteins, inherited states of chromatin
condensation are also used by eucaryotic cells to regulate gerie expression. An espe-
ciaily dramatic case is the inactivation of an entire X chromosome in ferale mam-
mals. In vertebrates DNA methylation also functions in gene regulation, being used
mainly as a device to reinforce decislons about gene expression that are made ini-
tially by other mechanisms. DNA methylation also underlies the phenomenon of
genomic imprinting in mammals, in which the expression of a gene depends on
whether it was inherited from the mother or the father.

POSTTRANSCRIPTIONAL CONTROLS

In principle, every step required for the process of gene expression could be
controlled. Indeed, one can find examples of each type of regulation, although
any one gene is likely to use only-a few of them. Controls on the initiation of
gene transcription are the predominant form of regulation for most genes. But
other controls can act later in the pathway from DNA to protein to modulate
the amount of gene product that is made. Although these posttranscriptional
controls, which operate after RNA polymerase has bound to the gene's promoter
and begun RNA synthesis, are less common than transcriptional control, for
many genes they are crucial.

POSTTRANSCRIPTIONAL CONTROLS

periods of evolutionary time, the methylated CG sequences in these inactive .

specialized animal cells can maintain their unique character through many cell

VERTEBRATE ANCESTOR DNA

methylation of
most CG sequences
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many millions of years
of evolution
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Figure 7-86 A mechanism to explain
both the marked overall deficiency
of CG sequences and their clustering
into CG islands in vertebrate
genomes. A black line marks the location
of a CG dinucleotide in the DNA
sequence, while a red “lollipop” indicates
the presence of a methyl group on the
CG dinucleotide. CG sequences that lie in
regulatory sequences of genes that are
transcribed in germ cells are unmethylated
and therefore tend to be retained in
evolution, Methylated CG sequences, on
the other hand, tend to be lost through
deamination of 5-methyl C to T, unless the
CG sequence is critical for survival.
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poing: probably il is the most comumon fevel of
regulatinn. .

There is al presemt nwo evidence for control
at subsequent slages of Iranscriplion in eunkary-
otic cells, for example. \'ia aulilermination
mechanisms.

The primary leanscript is modiﬁed by capping
al the 3° end, and usually alse hy polvadenvia-
tion at the 3’ end. Introns must be spliced out
froin the Wranscripts of interrupted genes. The
mature RNA arust be exparted fram the ancleus
1o the cytaplasm. Reglation of gene expression
by selection of sequences at the level of nuclear
ANA migla invelve any or all ol these slages,
hut the une fur which we have wost evidence
concerns changes in splicing: some genes are
expresserd by means of alieruaiive splicing pul-
terns whase vegulition controls the type of pro-
tein product {see Clhapter ).

Finally, the teanslation of an mRNA o the cyo-
plasm can he specifically controlled. There is little
evidence for the employment of this mechanism in
adult sumatic cells. bui it does occur in some
embryonit siluations, as described in Chaopter <.
The mechanism is preswmed Lo involve the block-
ing of intiiatlon of translation of some mR'\-\s by
specific protein factors, )

Bul having acknowledged hat control of gene
expression can occur ol multiple stages, and
that preduction of RNA cannot inevitably be
equated with production of protein, i Is clear
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Chapler 29

that the overvhelming majority of regulatory
.events occur at the initistion of wanscription.
Regulation of tissue-specific gene wanscription
lies al the heart of eukaryolic differentiation;
indeed, we see examples in Chapler 33 in
which proleins that regulale embryonic devel-
opment prove to be lranscription factors. A reg-
ulatory transcriplion faclor serves o provide

Response elements identify

regulation
I

commoan conuol of a large nwmnber of ‘Aarge!
genes, and we secek lo answer two questions
about this mode of rcgulation: what identifies
the common largel genes to the transcriplion
factor; and how is the activity of the Iranscrip-
tion faclor itsell regulated in response to inwin.
sic or extrinsic signals?

genes under comimon

The principle that emerges from chariclerizing
groups ol genes under common canirol is thal
they sharc a promoler ciement that is recognized
by o regulatory truascriplion facior. An etement
that causes & gene to'respond to such a factor
is colled a response element; examples are the
HSE (heat shock response element), GRE
(glucocorticoid response element), SRE (scrum
response elemenl). :
The properties of some inducible transcription
factors and ihe elements that they recognize are
summarized in. Table 29.1. Response etements
have the same general characterislics as
upstream elemenls of promolers or enhiancers.
They comtain shorl consensus sequences, and
‘copies of the response elements found in dif-
ferent genes are closely related, but not neces-
sarily identical. The region bDound by the factor
extends for- 2 short distance on either side of

Table29.1 Incucizte transcripl.on faclors bind i
tesponse efuments that idenbfy groups of promelcrs
or eahancars subject o cocrdinate cortrel.

! 1 !

Regulatory Aget  Module Consensus Factor

Hest thotk HSE  CNNGAANNTCCNNG HSTF
Glucocorticod

GRAE  TGGTACAAATGYTCT Receplor
TGACTCA

Prooloster  TAE
Serum SAE  CCATATTAGG SAF

the consensus sequence. {n promoters, the ele
ments are nol present at fixed distances (rom
the staripoint, bul are usually <200 bp upstream
of it. The presence of a single element usualty
Is sufficlent to confer the- regulatory respons<.
bul sometimes there are multiple copies.
Response clemeants may be located in P
molers or in enbancers. Some types of elements
are typically found in one rather than the other
usually en HSE is found in a promoter, while
GRE is found in an enhancer. We assume th?
all response elements funclion by the 7
gencral principle. A gene is regulated b @
sequence at the promoler or enhancer thel e
recognized by a specific protein. The pro¥
Junctions as a iranscription factor nuda{ &
RNA polvinerasc o initiote.” Active protein ©
availadle only under condilions when the g ‘:
to be expressed; its absence means that the L
moter-is not activated by this particulor 6"
An example of a silation in which m.'m’,_
zenes are conwrolled by a single factor K ""“,
vided by the heat shock response. This i m;d
mon lo 8 wide range of prokgryote al,;
eukarvotes and involves muliple controls
genc expression: an increase in temper
lurns off transcription of some genes. mn'-‘m
transcription of the heat shock gene% ...
causes changes in the translation of ™ e
The control of the heal shock genes "!“,s",.d
the differences between prokaryot® .
eukaryolic modes of control. In. bacteria: * oy
sigma faclor is synthesized that dirce® ghe?
polymerase holaenzyme 1o recagnize o™
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Abstract

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-1/Ly-6 family of
glycosylphosphatidylinositol (GPl)-anchored cell surface antigens. The purpose of the present study was to
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pca)
and to validate it as a potential molecular target for diagnosis and treatment of Pca.

v Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pca) tissues, including 9 androgen-
independent prostate cancers. The level of PSCA expression was semiquantitatively scored by assessing both the
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression
between BPH, PIN and Pca tissues and analysed the correlations of PSCA expression level with pathological grade,
clinical stage and progression to androgen-independence in Pca.

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense
and uniform than that seen in HGPIN and Pca. There were moderate to strong PSCA protein and mRNA
expression in 8 of 11 (72.7%) HGPIN and in 40 of 48 (83.4%) Pca specimens examined by IHC and ISH analyses,
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively).
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen-
independence (p < 0.05, respectively). In addition, IHC and ISH staining showed a high degree of correlation
between PSCA protein and mRNA overexpression.

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of
human Pca. PSCA expression correlates positively with adverse tumor characteristics, such as increasing
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription
of PSCA mRNA, PSCA may have prognostic utility and may be a promising molecular target for diagnosis and
treatment of Pca.
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Introduction

Prostate cancer (Pca) is the second leading cause of can-
cer-related death in American men and is becoming a
common cancer increasing in China. Despite recently
great progress in the diagnosis and management of local-
ized disease, there continues to be a need for new diagnos-
tic markers that can accurately discriminate between
indolent and aggressive variants of Pca. There also contin-
ues to be a need for the identification and characterization
of potential new therapeutic targets on Pca cells. Current
diagnostic and therapeutic modalities for recurrent and
metastatic Pca have been limited by a lack of specific tar-
get antigens of Pca.

Although a number of prostate-specific genes have been
identified (i.e. prostate specific antigen, prostatic acid
phosphatase, glandular kallikrein 2), the majority of these
are secreted proteins not ideally suited for many immuno-
logical strategies. So, the identification of new cell surface
antigens is critical to the development of new diagnostic
and therapeutic approaches to the management of Pca.

Reiter RE et al [1] reported the identification of prostate
stem cell antigen (PSCA}, a cell surface antigen that is pre-
dominantly prostate specific. The PSCA gene encodes a
123 amino acid glycoprotein, with 30% homology 1o
stemn cell antigen 2 (Sca 2). Like Sca-2, PSCA also belongs
to a member of the Thy-1/Ly-6 family and is anchored by
a glycosylphosphatidylinositol (GPI) linkage. mRNA in
situ hybridization (ISH) localized PSCA expression in nor-
mal prostate to the basal cell epithelium, the putative
stem cell compantment of prostatic epithelium, suggesting
that PSCA may be a marker of prostate stem/progenitor
cells.

In order to examine the status of PSCA protein and mRNA
expression in human Pca and validate it as a potential
diagnostic and therapeutic target for Pca, we used immu-
nohistochemisuy (JHC) and in situ hybridization (ISH)
simultaneously, and conducted PSCA protein and mRNA
expression analyses in paraffin-embedded ussue speci-
mens of benign prostatic hyperplasia (BPH, n = 20), pros-
tate intraepithelial neoplasm (PIN, n = 20) and prostate
cancer (Pca, n = 48). Furthermore, we evaluated the possi-
ble correlation of PSCA expression level with Pca tumori-
genesis, grade, stage and progression to androgen-
independence.

Materials and methods

Tissue samples

All of the clinical tissue specimens studied herein were
obtained from 80 patients of 57-84 years old by prostate-
ctomy, transurethral resection of prostate (TURP) or biop-
sies. The patients were classified as 20 cases of BPH, 20
cases of PIN, 40 cases of primary Pca, including 9 patients
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with recurrent Pca and a history of androgen ablation
therapy (orchiectomy and/or hommonal therapy), who
were referred to as androgen-independent prostate can-
cers. Eight specimens were harvested from these andro-
gen-independent Pca patients prior to androgen ablation
treatment. Each tissue sample was cut into two parts, one
was fixed in 10% formalin for IHC and the other treated
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1%
DEPC for 1 h for ISH analysis, and then embedded in par-
affin. All paraffin blocks examined were then cut into 5
pm sections and mounted on the glass slides specific for
IHC and ISH respectively in the usual fashion. H&E-
stained section of each Pca was evaluated and assigned a
Gleason score by the experienced urological pathologist at
our institution based on the criteria of Gleason score {2].
The Gleason sums are summarized in Table 1. Clinical
staging was performed according to Jewett-whitmore-
prout staging system, as shown in Table 2. In the category

" of PIN, we graded the specimens into two groups, i.e. low

grade PIN (grade I - IT) and high grade PIN (HGPIN,
grade II1) on the basis of literatures [3,4].

immunohistochemical (IHC) analysis

Briefly, tissue sections were deparaffinized, dehydrated,
and subjected to microwaving in 10 mmol/L ciuate
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven
for 5 min to induce epitope retrieval, Slides were allowed
1o cool at room temperature for 30 min. A primary mouse
antibody specific to human PSCA (Boshide, Wuhan,
China) with a 1:100 dilution was applied to incubate with
the slides at room temperature for 2 h. Labeling was
detected by sequentially adding biotinylated secondary
antibodies and strepavidin-peroxidase, and localized
using 3,3'-diaminobenzidine reaction. Sections were then
counterstained with hematoxylin. Substitution of the pri-
mary antibody with phosphate-buffered-saline (PBS)
served as a negative-staining control.

mRNA In situ hybridization (ISH)

Five-um-thick tissue sections were deparaffinized and
dehydrated, then digested in pepsin solution (4 mg/ml in
3% citric acid) for 20 min at 37.5°C, and further proc-
essed for ISH. Digoxigenin-labeled sense and antisense
human PSCA RNA probes (obtained from Boshide,
Wuhan, China) were hybridized to the sections at 48°C
overnight. The posthybridization wash with a high strin-
gency was performed sequentially at 37°C in 2 x standard
saline citrate (8SC) for 10 min, in 0.5 x SSC for 15 min
and in 0.2 x SSC for 30 min. The slides were then incu-
bated to biotinylated mouse anti-digoxigenin antibody a
37.5°C for 1 h followed by washing in 1 x PBS for 20 min
at room temperature, and then to strepavidin-peroxidase
at 37.5°C for 20 min followed by washing in 1 x PBS for
15 min at room temperature. Subsequently, the slides
were developed with diaminobenzidine and then coun.
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Table I: Correlation of PSCA expression with Gleason score
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Intensity x frequency

Gleason score 0-6 (%) 9 (%)
-4 5 (83) L(17)
-7 19 (79) 5(21)
8-10 5(28) 13(72)
Table 2: Correlation of PSCA expression with clinical stage
Intensity * frequency
Tumor stage 0-6 (%) 9 (%)
<B 27 (67.5) 13 (32.5)
2C 2(25) 6 (75)

terstained with hematoxylin to localize the hybridization
signals. Sections hybridized with the sense control probes
routinely did not show any specific hybridization signal
above background. All slides were hybridized with PBS to
substitute for the probes as a negative control.

Scoring methods

To determine the correlation between the results of PSCA
immunostaining and mRNA in situ hybridization, the
same scoring manners are taken in the present study for
PSCA protein staining by IHC and PSCA mRNA staining
by ISH. Each slide was read and scored by two independ-
ently experienced urclogical pathologists using Olympus
BX-41 light microscopes. The evaluation was done in a
blinded fashion. For each section, five areas of similar
grade were analyzed semiquantitatively for the fraction of
cells staining. Fifty percent of specimens were randomly
chosen and rescored to determine the degree of interob-
server and intraobserver concordance, There was- greater
than 95% intra- and interobserver agreement.

The intensity of PSCA expression evaluated microscopi-
cally was graded on a scale of 0 to 3+ with 3 being the
highest expression observed (0, no staining; 1+, mildly
intense; 2+, moderately intense; 3+, severely intense). The
staining density was quantified as the percentage of cells
staining positive for PSCA with the primary antibody or
hybridization probe, as follows: 0 = no staining; 1 = posi-
tive staining in <25% of the sample; 2 = positive staining
in 25%-50% of the sample; 3 = positive staining in >50%

of the sample. Intensity score {0 to 3+) was multiplied by
the density score (0-3) to give an overall score of 0~9
{1.5]. In this way, we were able o differentiate specimens
that may have had focal areas of increased staining from
those that had diffuse areas of increased staining [6). The
overall score for each specimen was then categorically
assigned to one of the following groups: 0 score, negative
expression; 1-2 scores, weak expression; 3-6 scores, mod-
erate expression; 9 score, strong expression.

Statistical analysis

Intensity and density of PSCA protein and mRNA expres-
sion in BPH, PIN and Pca tissues were compared using the
Chi-square and Student's i-test. Univariate associations
between PSCA expression and Gleason score, clinical
stage and progression to androgen-independence were
calculated using Fisher's Exact Test. For all analyses, p <
0.05 was considered statistically significant.

Results

PSCA expression in BPH

In general, PSCA protein and mRNA were expressed
weakly in individual samples of BPH. Some areas of
prostate expressed weak levels (composite score 1-2),
whereas other areas were completely negative (composite
score 0). Four cases (20%) of BPH had moderate expres-
sion of PSCA protein and mRNA {composite score 4-6)
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA
mRNA expression was moderate (composite score 3-6),
but PSCA protein expression was weak (composite score
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2) in one and negative (composite score 0) in the other.
PSCA expression was localized to the basal and secretory
epithelial cells, and prostatic stroma was almost negative
staining for PSCA protein and mRNA in all cases
examined.

PSCA expression in PIN

In this study, we detected weak or negative expression of
PSCA protein and mRNA (<2 scores) in 7 of 9 (77.8%)
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod-
erate expression (36 scores) in the rest 2 low grade PIN
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate
PSCA mRNA expression (6 score) was found weak stain-
ing for PSCA protein (2 score) by IHC. Strong PSCA pro-
tein and mRNA expression (9 score) were detected in the
remaining 3 of 11 {27.3%) HGPIN. There was a statisti-
cally significant difference of PSCA protein and mRNA
expression levels observed between HGPIN and BPH (p <
0.05), but no statistical difference reached between low
grade PIN and BPH (p > 0.05).

PSCA expression in Pca
In order to determine if PSCA protein and mRNA can be
detected in prostate cancers and if PSCA expression levels
are increased in malignant compared with benign glands,
Forty-eight paraffin-embedded Pca specimens were ana-
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%)
Pca samples stained very strongly for PSCA protein and
mRNA with a score of 9 and another 21 (43.8%) speci-
mens displayed moderate staining with scores of 4-6 (Fig-
ure 1). In addition, 4 specimens with moderate to strong
PSCA mRNA expression (scores of 4-9) had weak protein
staining (a score of 2) by IHC analyses. Overall, Pca
expressed a significantly higher level of PSCA protein and
_ mRNA than any other specimen category in this study (p
< 0.05, compared with BPH and PIN respectively). The
result demonstrates that PSCA protein and mRNA are
overexpressed by a majority of human Pca.

Correlation of PSCA expression with Gleason score in Pca
Using the semi-quantitative scoring method as described
in Materials and Methods, we compared the expression
level of PSCA protein and mRNA with Gleason grade of
Pca, as shown in Table 1. Prostate adenocarcinomas were
graded by Gleason score as 2-4 scores = well-differentia-
ton, 5-7 scores = moderate-differentiation and 8-10
scores = poor-differentiation {7]. Seventy-two percent of
Gleason scores 8-10 prostate cancers had very sirong
staining of PSCA compared to 21% with Gleason scores
5-7 and 17% with 2-4 respectively, demonstrating that
poorly differentiated Pca had significantly stronger
expression of PSCA protein and mRNA than moderately
and well differentiated umors (p < 0.05). As depicted in
Figure 1, IHC and ISH analyses showed that PSCA protein
and mRNA expression in several cases of poorly differen-
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tiated Pca were particularly prominent, with more intense
and uniform staining. The results indicate that PSCA
expression increases significantly with higher tumor grade
in human Pca.

Correlation of PSCA expression with clinical stage in Pca

With regards to PSCA expression in every stage of Pca, we
showed the results in Table 2. Seventy-five percent of
locally advanced and node positive cancers (i.e. C-D
stages) expressed statistically high levels of PSCA versus
32.5% that were organ confined (i.e. A-B stages) (p <
0.05). The data demonstrate that- PSCA expression
increases significantly with advanced tumor stage in
human Pca.

Correlation of PSCA expression with androgen-
independent progression of Pca

All 9 specimens of androgen-independent prostate can-
cers stained positive for PSCA protein and mRNA. Eight
specimens were obtained from patients managed prior to
androgen ablation therapy. Seven of eight (87.5%) of
these androgen-independent prostate cancers were in the
strongest staining category (score = 9), compared with
three out of eight (37.5%) of patients with androgen-
dependent cancers {p < 0.05). The results demonstrate
that PSCA expression increases significantly with progres-
sion to androgen-independence of human Pca.

It is evident from the results above that within a majority
of human prostate cancers the level of PSCA protein and
mRNA expression correlates significantly with increasing
grade, worsening stage and progression to androgen-inde-
pendence.

Correlation of PSCA immunostaining and mRNA in situ
hybridization

In all 88 specimens surveyed herein, we compared the
results of PSCA [HC staining with mRNA ISH analysis.
Positive staining areas and its intensity and density scores
evaluated by IHC were identical to those seen by ISH in 79
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/
48 Pca respectively). Importantly, 27/27 samples with
PSCA mRNA composite scores of 0-2, 32/36 samples
with scores of 3-6 and 22/24 samples with a score of 9
also had PSCA protein expression scores of 0-2, 3-6 and
9 respectively. However, in 5 samples with PSCA mRNA
overall scores of 3-6 and in 2 with scores of 9 there were
less or negative PSCA protein expression (i.e. scores of 0-
4}, suggesting that this may reflect postiranscriptional
modification of PSCA or that the epitopes recognized by
PSCA mAb may be obscured in some cancers. The data
demonstrate that the results of PSCA immunostaining
were consistent with those of mRNA ISH analysis, show-
ing a high degree of correlation between PSCA protein
and mRNA expression,
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Figure |

Representatives of PSCA |HC and ISH staining in Pca (A. IHC staining, B. ISH staining, X200 magnification). A, B,: negative con-
trol of IHC and ISH. PBS replacing the primary antibody (A,;) and hybridization with a sense PSCA probe (B,) showed no back-
ground staining. A,, B,: a moderately differentiated Pca (Gleason score = 3+3 = 6) with moderate staining (composite score =
6) in all malignant cells; A,: IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A;, B;: a
poorly differentiated Pca (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in ail malignant cells.
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Discussion

PSCA is homologous to a group of cell surface proteins
that mark the earliest phase of hematopoietic develop-
ment. PSCA mRNA expression is prostate-specific in nor-
mal male tissues and is highly up-regulated in both
androgen-dependent and-independent Pca xenografts
(LAPC-4 tumors). We hypothesize that PSCA may play a
role in Pca tumorigenesis and progression, and may serve
as a target for Pca diagnosis and treatment. In this study,
IHC and ISH showed that in general there were weak or
absent PSCA protein and mRNA expression in BPH and
low grade PIN tissues. However, PSCA protein and mRNA
are widely expressed in HGPIN, the putative precursor of
invasive Pca, suggesting that up-regulation of PSCA is an
early event in prostate carcinogenesis. Recently, Reiter RE
etal [1], using ISH analysis, reported that 97 of 118 (82%)
HGPIN specimens stained strongly positive for PSCA
mRNA. A very similar finding was seen on mouse PSCA
(mPSCA) expression in mouse HGPIN tissues by Tran C.
P et al [8]. These data suggest that PSCA may be a new
marker associated with transformation of prostate cells
and tumorigenesis.

We observed that PSCA protein and mRNA are highly
expressed in a large percentage of human prostate cancers,
including advanced, poorly differentiated, androgen-
independent and metastatic cases. Fluorescence-activated
cell sorting and confocal/ immunofluorescent studies
demonstrated cell surface expression of PSCA protein in
Pca celis (9]. Our IHC expression analysis of PSCA shows
not only cell surface but also apparent cytoplasmic stain-
ing of PSCA protein in Pca specimens (Figure 1). One pos-
sible explanation for this is that anti-PSCA antibody can
recognize PSCA peptide precursors that reside in the cyto-
plasm. Also, it is possible that the positive staining that
appears in the cytoplasm is actually from the overlying
cell membrane [5]. These data seem to indicate that PSCA
is a novel cell surface marker for human Pca.

Our results show that elevated level of PSCA expression
correlates with high grade (i.e. poor differentiation),
increased tumor stage and progression to androgen-inde-
pendence of Pca. These findings support the original IHC
analyses by Gu Z et al [9]. who reported that PSCA protein
expressed in 94% of primary Pca and the intensity of
PSCA protein expression increased with tumor grade,
stage and progression to androgen-independence. Our
results also collaborate the recent work of Han KR et al
[10], in which the significant association between high
PSCA expression and adverse prognostic features such as
high Gleason score, seminal vesicle invasion and capsular
involvement in Pca was found. It is suggested that PSCA
overexpression may be an adverse predictor for recur-
rence, clinical progression or survival of Pca. Hara H et al
[11] used RT-PCR detection of PSA, PSMA and PSCA in 1
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m! of peripheral blood to evaluate Pca patients with poor
prognosis. The results showed that among 58 PCa
patients, each PCR indicated the prognostic value in the
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic
cases with positive PSCA PCR indicated lower disease-pro-
gression-free survival than those with negative PSCA PCR,
demonstrating that PSCA can be used as a prognostic fac-
tor. Dubey P et al [12] reported that elevated numbers of
PSCA + cells correlate positively with the onset and devel-
opment of prostate carcinoma over a long time span in
the prostates of the TRAMP and PTEN +/- models com-
pared with its normal prostates. Taken together with our
present findings, in which PSCA is overexpressed from
HGPIN to almost frank carcinoma, it is reasonable and
possible to use increased PSCA expression level or
increased numbers of PSCA-positive cells in the prostate
samples as a prognostic marker to predict the potential
onset of this cancer. These data raise the possibility that
PSCA may have diagnostic utility or dinical prognostic
value in human Pca.

The cause of PSCA overexpression in Pca is not known.
One possible mechanism is that it may result from PSCA
gene amplification. In humans, PSCA is located on chro-
mosome 8q24.2 {1], which is often amplified in meta-
static and recurrent Pca and considered to indicate a poor
prognosis [13-15]. Interestingly, PSCA is in close proxim-
ity to the c-myc oncogene, which is amplified in >20% of
recurrent and metastatic prostate cancers [16,17]. Reiter
RE et al [18] reported that PSCA and MYC gene copy num-
bers were co-amplified in 25% of tumors (five out of
twenty), demonstrating that PSCA overexpression is asso-
ciated with PSCA and MYC coamplification in Pca. Gu Z
et al [9] recently reporteted that in 102 specimens availa-
ble to compare the results of PSCA immunostaining with
their previous mRNA ISH analysis, 92 (90.2%) had iden-
tically positive areas of PSCA protein and mRNA expres-
sion. Taken together with our findings, in which we
detected moderate to strong expression of PSCA protein
and mRNA in 34 of 40 (85%) Pca specimens examined
simultaneously by IHC and ISH analyses, it is demon-
strated that PSCA protein and mRNA overexpressed in
human Pca, and that the increased protein level of PSCA
was resulted from the upregulated wanscription of its
mRNA.

At present, the regulation mechanisms of human PSCA
expression and its biological function are yet to be eluci-
dated. PSCA expression may be regulated by multiple fac-
tors [18). Watabe T et al [19] reported that transcriptional
control is a major component regulating PSCA expression
levels. In addition, induction of PSCA expression may be
regulated or mediated through cell-cell contact and pro-
tein kinase C {PKC) |20]. Homologues of PSCA have
diverse activities, and have themselves been involved in
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carcinogenesis. Signalling through SCA-2 has been dem-
onstrated to prevent apoptosis in immature thymocytes
[21]). Thy-1 is involved in T cell activation and transducts
signals through src-like tyrosine kinases [22]. Ly-6 genes
have been implicated both in tumorigenesis and in cell-
cell adhesion {23-25]. Cell-cell or cell-matrix interaction is
critical for local tumor growth and spread to distal sites.
From its restricted expression in basal cells of normal
prostate and its homology to SCA-2, PSCA may play a role
in stem/progenitor cell function, such as self-renewal (i.e.
anti-apoptosis) and/or proliferation {1]. Taken together
with the results in the present study, we speculate that
PSCA may play a role in tumorigenesis and clinical pro-
gression of Pca through affecting cell transformation and
proliferation. From our results, it is also suggested that
PSCA as a new cell surface antigen may have a number of
potential uses in the diagnosis, therapy and dinical prog-
nosis of human Pca. PSCA overexpression in prostate
biopsies could be used to identify patients at high risk to
develop recurrent or metastatic disease, and to discrimi-
nate cancers from normal glands in prostatectomy sam-
ples. Similarly, the detection of PSCA-overexpressing cells
in bone marrow or peripheral blood may identify and pre-
dict metastatic progression better than current assays,
which identify only PSA-positive or PSMA-positive pros-
tate cells.

In summary, we have shown in this study that PSCA pro-
tein and mRNA are maintained in expression from
HGPIN through all stages of Pca in a majority of cases,
which may be associated with prostate carcinogenesis and
correlate positively with high tumor grade (poor cell dif-
ferentiation), advanced stage and androgen-independent
progression. PSCA protein overexpression is due 1o the
upregulation of its mRNA transcription. The results sug-
gest that PSCA may be a promising molecular marker for
the clinical prognosis of human Pca and a valuable target
for diagnosis and therapy of this tumor.
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Abstract

Transiation Initlation s regulated in response to
nutrient availability and mitogenic stimulation and Is
coupled with cell cycle progression and cell growth.
Several alterations In translational control cccur In
cancer. Variant mRNA sequences can alter the
translational efficlency of individual mMRNA molecules,
which in tum play a role in cancer blology. Changes in
the expression or availabllity of components of the
translational machinery and In the activation of
translation through signal transduction pathways can
load to mare global changes, such as an increase In
the overdl rate of protein synthesis and translational
activation of the mRNA molecules involved in cefl
growth and proliferation. We review the basic
principles of translational control, the alterations
encountered In cancer, and selected theraples
targeting translation initiation to help elucidate new
therapeutic avenues.

Introduction )

The fundamental principle of molecular therapeutics in can-
cer is to exploit the differences In gene expresslon between
cancer cells and normal cells. With the advent of cDNA array
technology, most efforts have concentrated on Identifying
differences in gene expression at the level of mRNA, which
can be attributable either to DNA amplification or to differ-
ences In transcription. Gene expresslon s quite compllcated,
however, and is also regulated at the level of mRNA stability,
mRNA translation, and proteln stabllity.

The power of transtational regulation has been best recog-
nized among developmental biologists, because transcription
does not occur in earfy embryogenesis In eukaryotes. For ex-
ample, in Xenopus, the period of transcriptional qulescence
continues untll the embryo reaches midblastula transition, the
4000-cell stage. Therefore, all necessary mRNA molecules are
transcribed during oogenesis and stockpiled In a translationally
Inactive, masked form. The mRNA are translationally activated
at appropriate times during cocyte maturation, fertilization, end
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early embryogenesis and thus, are under strict translaﬂona!
control.
Translatlon has an established rolé in cell growth. Basi-

- cally, an Increase In proteln synthesis occurs as a conse-

quence of mitogenesis. Until recently, however, little was
known about the alterations in mRNA translation In cancer,
and much Is yet to be discovered about thelr role In the
development and progression of cancer. Here we review the
baslic principles of translational control, the alterations en-
countered In cancer, and selected theraples targeting transia-
tion Initiation to elucidate potential new therapeutic avenues.

Basic Principles of Translational Control

Mechanism of Translation Initiation

Translation Initiation is the main step in transiational regutation,
Translation initiation is a complex process in which the inftiator
tRNA and the 408 and 60S ribosomal subunits are recruited to
the 5' end of a MRANA molecule and assembled by eukaryotic
transiation Initiation factors into an 80S ribosome at the start
codon of the mRNA (Fig. 1). The §' end of eukaryotic mRNA Is
capped, Le., contalns the cap structure m’GpppN (7-methyl-
guanosine-triphospho-5'-ribonucleoslds). Most transiation in
eukaryotes occurs In a' cap-dependent fashion, /e, the cap is
specifically recognized by the elF4E,® which binds the 5’ cap.
The elF4F translation initiation complex Is then formed by the
assembly of elF4E, the RNA helicase elF4A, and elF4G, a
scaffoiding protein that medlates the binding of the 40S ribo-
somal subunit to the mRNA molecule through Interaction with
the elF3 protein present on the 40S ribosome. elF4A and elF4B
participate in melting the secondary structure of the 5' UTR of
the mRNA. The 43S initiation complex (405/elF2/Met-tRNA/
GTP complex) scans the mRNA in a 6'>3' direction until it
encourters an AUG start codon. This start codon Is then base-
palred to the anticodon of Initiator tANA, forming the 48S initi-
ation complex. The inftiation factors are then displaced from the
48S complex, and the 60S ribosome joins to form the 80S
ribosome.

Unitke most eukaryotic translation, translation initiation of
certaln mRNAs, such as the picomavirus RNA, is cap Inde-
pendent and occurs by Intemal ribosome entry. This mecha-
nism does not require elF4E. Either the 43S complex can bind
the initiation codon directly through Interaction with the IRES in
the 5' UTR such as in the encephalomyocarditls virus, or i can

 The abbreviations used are: elF4E, eukaryotic Inftiation factor 4E; UTR,
untransiated region; IRES, interna! ribosome entyy sita; 4E-BP1, eukaryotic
Initiation factor 4E-binding protein 1; SBK, bosomal p70 S8 kinase; mTOR,
mammalian target of raparmytin; ATM, ataxta t mutated; PISK,
phosphatidylinasitol 3-kinase; PTEN, phosphatase and tensin homolog de-
leted from clvomosome 10; PP2A, proteln phosphatase 2A; TGF-83, trans.
forming growth factor-£3; PAP, poly(A) polymerase; EPA, eicosopentaenoxc
acld; mda-7, melanoma differentiation-associated gene 7.
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Fig. 1. Translation initlation In eukaryotes. The 4E-BPs are hyperphos-
phorylated to release elF4E so that it can interact with the 5 cap, and the
alFF4F Initiation complex ks asgembiled. The interaction of poly(A) binding
proteln with the Initiation complex and circularization of the mRNA Is not
depictad in the diagram. The secondary structure of the 5 UTR is melted,
the 408 ribosomal subunit Is bound td eiF3, and the temary complex
conslsting of elF2, GTP, and the Met-tRNA are recruited to the mRNA. The
ribosome scans the mANA in a 5'~3' direction untll an AUG start codon
I8 found in the appropriate sequence context. The inktiatfon factors are
released, and the largs ribosomal subunlt Is recruited.

Inftially attach to the IRES and then reach the Initiation codon by
scanning or transfer, as Is the case with the poliovirus (1).

Regulation of Translation Initiation
Translation initlation ¢an be regulated by afterations in the
expression or phosphorylation status of the various factors
Involved. Key components in translational regulation that
may provide potentlal therapeutic targets follow.

elF4E. elF4E plays a centrat role In translation regulation.
It Is the least abundant of the Inltiation factors and &s con-
sidered the rate-limiting component for Initiation of cap-
dependent transtation. elF4E may also be Involved In mRNA
spiicing, mANA 3‘ processing, and mRANA nucleocytoplas-
mic transport (2). eIF4E expresslon can be Increased at the
transcriptional level in response to serum or growth factors
{3). eIF4E overexpression may cause preferential translation
of mRNAs contalning excessive secondary structure in their
5' UTR that are normally discriminated against by the trans-

lational machinery and thus are nefficlently transtated (4-7).
As examples of this, overexpression of elF4E promotes in-
creased translation of vascular endothelial growth factor,
fibroblast growth factor-2, and cyclin D1 (2, 8, 9).

Another mechanism of control is the regulation of elF4E
phosphorylation. elF4E phosphorylation Is mediated by the
mitogen-activated proteln kinase-interacting kinase 1, which
Is activated by the mitogen-activated pathway activating
extracellular signal-related kinases and the stress-activated
pathway acting through p38 mitogen-activated protein ki-
nase (10-13). Several mitogens, such as serum, platelet-
derived growth factor, epldermal growth factor, insulln,
angiotensin il, src kinase overexpression, and ras over-

- expression, lead to elF4E phosphorylation (14). The phos-

phorylation status of elF4E is usually comelated with the
translational rate and growth status of the cell; however;
elF4E phosphorylation has also besn observed In response
to some cellular stresses when translational rates actually
decreass (15). Thus, further study is needed to understand
the effects of elF4E phosphorylation on eIF4E activity.

Another mechanism of regulation Is the alteration of e)F4E
avallabllity by the binding of elF4E to the elF4E-binding pro-
teins (4E-BP, also known as PHAS-). 4E-BPs compete with
elF4G for a binding site in elF4E. The binding of elF4E to the
best characterized elF4&-binding proteln, 4E-BP1, Is regu-
lated by 4E-BP1 phosphorylation. Hypophosphorylated 4E-
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation
decreases this binding. Insulin, anglotensin, - epidermal
growth factor, platelet-derived growth factor, hepatocyte
growth factor, nerve growth factor, insulin-like growth factors
land Il Interleukin 3, granulocyte-macrophage calony-stim-
ulating factor + steel factor, gastrin, and the adenovirus have
all been reported to induce phosphorylation of 4E-8P1 and
to decrease the abllity of 45-BP1 to bind elF4E (15, 16).
Conversely, deprivation.of nutrients or growth factors results
In 4E-BP1 dephosphorylation, an increase in elF4E binding,
and a decrease in cap-dependent translation.

P70 56 Kinase. Phosphorylation of ribosomal 40S protein
$8 by S6K is thought to play an important role In translational
regulation. S6K ~/— mouse embryonic cells proliferate more
slowly than co parental cells, demonstrating that S6K has a
positive influence on cell proliferation (17). S6K regutates the
translation of a group of mRNAs possessing a ' terminal
oligopyrimidine tract (5' TOP) found at the 5’ UTR of Hbosomal
protein mRNAs and other mRNAs coding for components of
the translational machinery. Phosphorylation of S6K is regu-
lated In part based on the avallabllity of nutrients (18, 19)and is
stimulated by several growth factors, such as platelet-derived
growth factor and insulin-flke growth factor ! (20).

elF2x Phosphorylation, The binding of the initiator tRNA
to the small ribosomal unit Is mediated by transiation Initia-
tion factor elF2. Phosphoryfation of the a-subunit of elF2
prevents formation of the elF2/GTP/Met-tRNA complex and
inhibits global proteln synthesis (21, 22). elf2« Is phospho-
rylated under & variety of condltions, such as viral infection,
nutrient deprivation, heme deprivation, and apoptosls (22).
€iF2a is phosphorylated by heme-regulated inhibitor, nutrient-
regulated protein kinase, and the IFN-induced, double-
stranded RNA-activated protein kinase (PKR; Ref. 23).
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The mTOR Signaling Pathway. The macrollde artibiotic
rapamycin (Siralimus; Wysth-Ayerst Research, Collegevills,
PA) has been the subject of Intensive study because it In-
hibits signal transduction pathways involved In T-celi activa-
tion. The rapamycin-sensitive component of these pathways
Is mTOR (also called FRAP or RAFT1). mTOR is ths mam-
mallanhomologue of the yeast TOR proteins that regulate G,
progresslon and translation in response to nutrient avallabii-
ity (24). mTOR Is a serine-threonine kinase that modulates
translation initlation by altering the phosphorylation status of
4E-BP1 and 86K (Fig. 2; Ref. 25).

4E-BP1 is phosphorylated on multiple resldues. mTOR phos-
phorylates the Thr-37 and Thr-48 residues of 4E-BP1 in vitro
{26); however, phosphorylation at these sites is not assoclated
with a loss of elF4E binding. Phosphorylation of Th37 and
Thr-46 is required for subsequent phosphorylation at several
COOH-terminal, serum-sensitive sftes; a combination of these
phosphorylation events appears to be needed to Inhibit the
binding of 45-BP1 to elF4E (25). The product of the ATM gene,
P38/MSK1 pathway, and proteln kinase Co also play a role in
4E-8P1 phosphorylation (27-29).

S6Kand 4E-BP1 are also regulated, in part, by PI3K and its
downstream protein kinase Akt. PFTEN Is a phosphatase that
negatively regulates PI3K signaling. -PTEN null cells have
constitutively active of Akt, with increased S6K activity and
$8 phosphorylation (30). S6K activity Is inhibited both by
PIBK Inhibitors wortmannin and LY294002 and by mTOR
Inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in
mTOR /n vitro, and this site Is phosphorylated upon Akt
activation /n vivo (31-33). Thus, mTOR Is regulated by the
PI3K/Akt pathway; however, this does riot appear to be the
only mode of regulation of mTOR activity. Whether the PI3K
pathway also regulates S6K and 4E-BP1 phosphorylation
independent of mMTOR Is controversial.

interestingly, mTOR autophosphorylation is biocked by wort-
mannin but not by repamycin (34). This seeming Inconslstency
suggests that mTOR-responsive regulation of 4E-BP1 and S6K
activity occurs through a mechanism other than intrinsic mTOR
kinase activity. An altemate pathway for 45-BP1 and S8K phos-
phorylation by mTOR activity Is by the inhibition of a phospha-
tase. Treatment with calyculin A, an inhibitor of phosphatases 1
and 2A, reduces rapamycin-induced dephosphorylation of 4E-
BP1 and S6K by rapamycin (35). PP2A Interacts with full-length
86K but not with a S8K mutant that is resistant to dephospho-
rylation resulting from rapamycin. mTOR phosphorylates PP2A
In vitro; however, how this process alters PP2A activity Is not
known. These results are consistent with the model that phos-
phorylation of a phosphatase by mTOR prevents dephospho-
rylation of 4E-BP1 and S6K, and conversely, that nutrent dep-
rivation and repamycin block inhibition of the phosphatase by
mTOR.

Polyadenylation. The poly(A) tail in eukaryotic mRNA is
fmportant In enhancing translation initiation and mRNA sta-
bliity. Polyadenylation plays a key role in regulating gene
expression during oogenesls and early embryogenesis.
Some mRNA that are translationally inactive in the cocyte are
polyadenylated concomitantly with translational activation in
oocyte maturation, whereas other mRNAs that are transla-

tionally active during oogenesis are deadenylated and trans-

Growth factors
and other mitogens
e N
Ras PBK

Nutriexts, ATP

e

Cap-dependent Trenslation
(mRNAs with kighly strectured 5* UTRs)

}
Raf
}
MEK
¢
p38 ERK
/

Fig. 2. Regulation of transtation Intiation by signal transduction path-
ways. Signaling via p38, extraceflular signal-related kinasse, PI3K, and
mTOR can all activate trenstation Initiation.

lationally silenced (36-38). Thus, contro! of poly(A) tail syn-
thesls is an important regulatory step in gene expression.
The 5 cap and poly{A) tall are thought to function synergis-
tically to regulate mRNA translational efficlency (39, 40).

RNA Packaging. Most RNA-binding proteins are assem-
bled on a transcript at the time of transcription, thus deter-
mining the transiational fate of the transcript (41). A highly
conserved family of Y-box proteins Is found in cytoplasmic
messenger ribonucleoprotein particles, where the proteins
are thought to play a role in restricting the recrultment of
mRNA to the translational machinery (41-43). The major
mRNA-assoclated proteln, YB-1, destabllizes the interaction
of elF4E and the 5' mRNA cap in vitro, and overexpression of
YB-1 results In transiational repression in vivo (44). Thus,
alterations in RNA packaging can also play an important role
in translational regulation.

Translation Alterations Encountered in Cancer

Three main alterations at the translational level occur in cancer:
variations in mRNA sequences that increase or decrease trans-
lational efficlency, changes In the expression or avallability of
components of the translational machinery, and activation of
translation through aberrantly activated signal transduction
pathways. The first afteration affects the translation of an Indi-
vidua!l mRNA that may play a role In carcinogenesls. The sec-
ond and third alterations can fead to more global changes, such
as an increase in the overall rate of proteln synthesls, and the
translational activation of several mRNA species.

Variations in mRNA Sequence
Variations In mRNA sequence affect the translational effi-
clency of the transcript. A brief description of these variations
and examples of each mechanism follow.

Mutations. Mutations in the mRNA sequence, especially
in the 5" UTR, can alter Its translational efficlency, as seen In
the following examples.
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c-myc. Salto st-al. propased that translation of full-length
omyc Is repressed, whereas in several Burkitt lymphomas
that have deletions of the mRNA 5 UTR, translation of c-myc
is more efficlent (45). More recently, it was reported that the
& UTR of c-myc contains an IRES, and thus c-myc transla-
tion can bs initiated by a cap-independent as well as a
cap-dependent mechanism (46, 47). In patients with muttiple
mysloma, a C—T mutation In the c-myc IRES was identified
(48) and-found to cause an enhanced initiation of translation
via internal ribosomal entry (49).

. BRCAT1. A somatic polnt mutation (117 G—C) in position
-3 with respect to the start codon of the BRCAT gene was
identified In a highly aggressive sporadic breast cancer (50).
Chimeric constructs conslsting of the wild-type or mutated
BRCA? §' UTR and a downstream luciferase reporter dem-
onstrated a decrease in the transiational efficiency with the 5
UTR mutation.

Cyclin-dependent Kinase Inhibitor 2A. Some inherited
melanoma kindreds have a G—T transversion at base —34
of cyclin-dependent kinase inhibitor-2A, which encodes a
cyclin-dependent kinase 4/cyclin-dependent kinase 6 kinase
inhibitor important In G, checkpoint regulation (51). This
mutation..glves rise to a novel AUG translation initiation
codon, creating an upstream open reading frame that com-
potes for scanning ribosomes and decreases transiation
from the wiid-type AUG.

Alternats Splicing and Altemate Transcription Start
Sites. Alterations in splicing and altemate transcription sites
‘can lead to variations in §” UTR sequence, length, and second~
&y structure, ultimately Impacting translational efficiency.

ATM. The ATM gene has four noncoding exons in its 5
UTR that undergo extensive altemative splicing {52). The
contents of 12 different 5 UTRs that show considerable
diversity in length and sequence have been [dentified. These
divergent §' leader sequences play an important role in the
translational regulation of the ATM gene.

mdm. In a subset of tumors, overexpression of the onco-
proteln mdma2 results in enhanced transiation of the mam2
mANA. Use of different promoters leads to two mdm2 tran-
scripts that differ only in their 5' leaders (53). The longer §'
UTR contains two upstream open reading frames, and this
mRNA is loaded with ribosomes Inefficientty compared with
the short 5’ UTR.

BRCA7. In a normal mammary gland, BRCAT mRNA Is
expressed with a shorter leader sequence (5'UTRa), whereas
in sporadic breast cancer tissue, BRCAT mRNA Is expressed
with a longer leader sequence {5' UTRb); the translational
efficiency of transcripts containing 5’ UTRb Is 10 imes lower
than that of transcripts containing 5’ UTRa (54).

TGF-B3. TGF-B3 mRNA includes a 1.1-kb 5’ UTR, which
exerts aninhibitory effect on transiation. Many human breast
cancer cell lines contain a novel TGF-B3 transcript with a 5’
UTR that Is 870 nucleotides shorter and has a 7-fold greater
translational efficlency than the normal TGF83 mRNA (55).

Alternate Polyadenylation Sites. Multiple polyadsnyl-
atlon signals leading to the generation of several transcripts
with differing 3 UTR have been described for several mRNA
species, such as the RET proto-oncogene (56), ATM gene

(52), tissue inhibitor of metalloproteinases-3 (57), RHOA

proto-oncogene (58), and calmodulind (§9). Although the
effect of these altemate 8’ UTRs on translation Is not yot
known, they may be Important In RNA-protein Interactions
that affect translational recruitment. The role of these alter-
ations In cancer development and progressior Is unknown.

Alterations in the Components of the

Translation Machinery

Alterations in the components of transtation machinery can
take many forms.

Overexpresssion of eIF4E. Overexpression of elF4E
causes malignant transformation In rodent cells (60) and the
deregulation of Hel.a cell growth (61). Polunovsky et al. (62)
found that elF4E overexpression substitutes for serum and
indlvidual growth factors In preserving viabllity of fibroblasts,
which suggests that elF4E can mediats both proliferative and
survival signaling.

Elevated levals of eIFAE mRANA have been found in a broad
spactrum of transformed cell lines (63). elF4E levels are
elevated in all ductal carcinoma in situ specimens and Inva-
sive ductal carclnomas, compared with benign breast spec-
imens evaluated with Westem blot analysis (84, 65). Prelim-
Inary studies suggest that this overexpresslion Is attributable
to gene amplification (68). ’

There are accumulating data suggesting that efF4E overex-
pression can be valuable as a prognostic marker. elF4E over-
expression was found In a retrospective study to be a marker of
poor prognosis In stages 1 to 1l breast carcinoma (87). Verifica-
tion of the prognostic value of elF4E In breast cancer Is now
under way In a prospective trial (67). However, in a different
study, elF4E expression was comelated with the aggressive
behavior of non-Hodgkin's lymphomas (68). In a prospective
analysis of patients with head and neck cancer, elevated lovels
of elF4E In histologically tumorfree surgical margins predicted
a significantly increased risk of local-regional recumence (9).
These resuits all suggest that elF4E overexpression can be
used to select patients who might benefit from more aggressive
systemk: therapy. Furthermore, the head and neck cancér data
suggest that elF4E overexpression is a field defect and can be
used to guide local therapy.

Alterations in Other Inltiation Factors. Alterations in a
number of other initlation factors have been assoclated with
cancer, Overproduction of elF4G, similar to elF4E, leads to
malignant transformation In vitro (69). elF-2a Is found in
increased levels in bronchioloalveolar carcinomas of the lung
(3). Inltlation factor efF-4At is overexpressed In melanoma
(70) and hepatocellular carcinoma (71). The p40 subunit of
translation Initlation factor 3 Is amplified and overexpressed
In breast and prostate cancer (72), and the elF3-p110 subunit
Is overexpressed in testicular seminoma (73). The role that
overexpression of these initiation factors plays on the devel-
opment and progression of cancer, if any, is not known.

Overexpression of S6K. S6K Is amplified and highly
overexpressed In the MCF7 breast cancer cell line, com-
pared with normal mammary epithelium (74). In a study by
Barlund et al. (74), S6K was amplified In 59 of 668 primary
breast tumors, and a statistically significant association was
observed between amplification and poor prognosls.
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Ovorexpresslon of PAP. PAP catalyzes 3’ poly(A) syn-
thesls, PAP is .overexpressed In human cancer cells com-
pared with normal and virally transformed cells (75). PAP
enzymatic activity in breast tumors has been carrelated with
PAP protein levels (76) and, In mammary tumor cytosols, was
foundto be an Independent factor for predicting survival (76).
Little Is known, however, about how PAP expression or ac-
tivity affects the translational profite. .

Alterations in RNA-binding Protelns. Even less is known
abottt alterations in RNA packaging In eancer. Increased ex-
pression and nuclear localization of the RNA-binding pratein
YB-1 are indicators of a poor prognasis for bréast cancer (77),
non-small cell lung cancer (78), and ovarfan cancer (79). How-
ever, this effect may be mediated at least in part at the level of
transcription, because YB-1 increases chemoresistance by en-
hancing the transcription of a muttidrug resistance gene (80).

Activation of Signal Transduction Pathways
Activation of signa! transduction pathways by loss of tumor
suppressor genes or overexpression of certain tyrosine knases
can contribute to the growth and aggressiveness of tumors. An
important_ mutant in human cancers Is the tumor suppressor
gene PTEN, which leads to the activation of the PI3K/Akt path-
way. Activation of PI3K and Akt induces the oncogenic trans-
formation of chicken embryo fibroblasts. The transformed celis
show constitutive phosphorylation of S6K and of 4E-BP1 (81).
A mutant Akt that retains kinase activity but does not phos-
phorytate S6K or 46-BP1 does not transform fibroblasts, which
suggests a comelation between the oncogenicity of Pi3K and
Akt and the phosphorylation of S8K and 4E-BP1 (81).
. Several tyrosine kinases such as platelet-derived growth
factor, insulin-like growth factor, HER2/neu, and epldermal
growth factor receptor are overexpressed in cancer. Be-
cause these kinases activate downstream signa! transduc-
tion pathways known to alter translation inltlation, activation
of translatlon is Iikely to contribute to the growth and aggres-
slveness of these tumors. Furthermore, the mRNA for many
of these kinases themselves are under translational control.
For example, HER2/neu mRNA is translationally controlled
both by a short upstream open reading frame that represses
HER2/neu transtation in a cell type-independent manner and
by a distinct cell type-dependent mechanism that increases
translational efficlency {82). HER2/neu translation is different
in transformed and normal cells. Thus, it Is possible that
alterations &t the translational level can in part account for
the discrepancy between HER2/nou gene amplification de-
tected by fiuorescence In situ hybridization and proteln levels
detected by immunohistochemical assays.

Translation Targets.of Selected Cancer Therapy
Components of the translation machinery and signal path-
ways involved In the activation of translation initlation repre-
sent good targets for cancer therapy.

Targeting the mTOR Signaling Pathway: Rapamycin
and Tumstatin

Rapamyecin Inhibits the proliferation of lymphocytes. it was
initially developed as an immunosuppressive drug for organ

 transplantation. Rapamycin with FKBP 12 (FK506-binding

proteln, M, 12,000) binds to mTOR to inhibit its function.

Rapamycin causes a small but significant reduction In the
initiation rate of protein synthesis (83). It blocks cell growth in
part by blocking S8 phosphorylation and selectively sup-
pressing the translation of 5 TOP mRNAs, such as ribosomal-
proteins, and elongation factors (83-85). Rapamycin also
blocks 4E-8P1 phosphorylation and inhibits cap-dependent
but not cap-independent transtation (17, 86).

The rapamycin-sensitive signal transduction pathway, acti-
vated during malignant transformation and cancer progression,
is now being studied as a target for cancer therapy (87). Pros-
tate, breast, small cell lung, glioblastoma, melanoma, and T-cell
leukemia are among the cancer fines most sensitive to the

_ rapamycin analogue CCI-779 (Wyeth-Ayerst Research; Ref.

87). in thabdomycosarcoma cell Enes, mpamycin fs efther cyto-
static or cytocidal, depending on the p53 status of the cell; p53
wild-type cefis treated with rapamycin arrest in the G; phase
and maintaln thelr viability, whereas p53 mutant celis accumu-
late in G4 and undergo apoptosis (88, 89). In a recently reported
study uslng human primitive neuroectoderma! tumor and
medulloblastoma models, rapamycin exhibited more cytotox-
icity in combination with clsplatin and camptothecin than as a
single rgent. in vivo, CCI-779 delayed growth of xenografts by
160% after 1 week of therapy and 240% after 2 weeks, Asingle
high-dose edministration caused a 37% decreass in tumor
volume. Growth inhibition in vivo was 1.3 times greater, with
clsplatin in combination with CCI-779 than with clsplatin alone
(90). Thus, preclinical studies suggest that rapamycin ana-
logues are ussful 8s single agents and in combination with

Rapamycin analogues CCI-779 and RADCO1 (Novartls,
Basel, Switzerland) are now In clinical trials. Because of the
known effect of rapamycin on lymphocyte proliferation, a
potential problem with rapamycln analogues is immunosup-
pression. However, although prolonged immunosuppression
can result from rapamycin and CCI-779 administered on
continuous-dose schedules, the immunosuppressive effects
of rapamycin analogues resolve in ~24 h after therapy
(91). The principal toxicities of CCI-779 have included der-
matological toxicity, myelosuppresslon, infection, mucositis,
diarrhea, reversible elevations In liver function tests, hyper-
glycemia, hypokalemia, hypocalcemia, and depression (87,
92-94). Phase 1! trials of CCI-779 have been conducted in
advanced renal cell carcinoma and in stage HI/IV breast
carcinoma patients who failed with prior chemotherapy. In
the results reported In abstract form, although there were no
complete responses, partial responses were documented in
both renal cell carcinoma and in breast carcinoma (94, 95).
Thus, CCI-779 has documernted preliminary clinical activity In
a previously treated, unselected patient population.

Active Investigation s under way Into patient selection for
mTOR inhibftors. Several studies have found an enhanced
efficacy of CCI-779 in PTEN-null tumors (30, 96). Ancther
study found that six of eight breast cancer cell lines were
responsive to CCI-779, although only two of these lines
lacked PTEN (97) There was, however, a positive correlation
bstween Akt activation and CCI-779 sensiivity (97). This
correlation suggests that activation of the PI3K-Akt pathway,
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regardiess of whether it Is attributabie to a PTEN mutation or
to overexpression of receptor tyrosine kinases, makes can-
cor cell amenable to mTOR-directed therapy. In contrast,
lwer levels of the target of mTOR, 4E-BP1, are assoclated
with rapamycin resistance; thus, a lower 4E-BP1/6iF4E ratio
may predict rapamycin resistance (38).

Another mode of activity for rapamycin and its analogues
tppoars to be through Inhibition of anglogenests. This activ-
ty may be both through direct Inhibition of endothslial cell
proliferation as a result of mTOR [nhibition in these cells or by
hibition of transiation of such proangiogenic factors as
vascular endothellal growth factor In tumor celis (39, 100).

The anglogenesis Inhlbltor tumstatin, another anticancer
drug cumrently under study, was also found recently to Inhibit
translation In endothellal celis (101). Through a requisite in-
teraction with Integrin, tumstatin inhibits activation of the
PISK/Akt pathway and mTOR in endothelial cells and pre-
vents dissoclation of elF4E from 4E-BP1, thersby Inhibiting
cap-dependent translation. Thess findings suggest that en-
dothelial cells are especially sensitive to theraplss targeting
the mTOR-signaling pathway. '

Targetirig elF2ec EPA, Clotrimazole, mda-7,

and Flavonoids

EPA Is an n-3 polyunsaturated fatty acid found In the fish-
based dlets of populations having a low Incldence of cancer
(102). EPA inhibits the proiiferation of cancer cells (103), as
well as In animal models (104, 105). it blocks cell division by
inhibiting translation initiation (105). EPA releases Ca?* from
Intracellular stores while Inhlbiting thelr refilling, thereby ac-
tivating PKR. PKR, in tum phosphorylates and inhibits elF2«,
resulting In the Inhibition of protein synthesis at the level of
transiation inftiation. Similarly, clotrimazole, a potent antlpro-
liferative agent In vitro and In vivo, Inhibits cell growth through
depletion of Ca®* stores, activation of PKR, and phospho-
rylation of elF2a (108). Consequently, clotrimazole preferen-
tlally decreases the expression of cycling A, E, and D1,
resulting in blockage of the cell cycle In G,.

mda-7 is a novel tumor suppressor gene being developed
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad-
mda?) Induces apoptosis In many cancer cells including
breast, colorectal, and lung cancer (107-109). Ad-mda7 also
Induces and activates PKR, which leads to phosphorylation
of elF2a and induction of apoptosis (110).

Flavonolds such as genlstein and quercstin suppress tu-
mor cell growth. All three mammalian elF2a kinases, PKR,
heme~-regulated inhibitor, and PERK/PEK, are activated by
flavonoids, with phosphorylation of elF2a and inhibition of
protein synthesls {111). :

Targeting elF4A and elF4E: Antisense RNA
and Peptides -

Antisense expression of elF4A decreases the proliferation rate
of melanoma cells (112). Sequestration of elF4E by overexpres-
slon of 4E-BP1 Is proapoptotic and decreases tumoriganicity
{113, 114). Reduction of eIF4E with antisanse RNA decreases
soft agar growth, increases tumor latency, and increases the
rates of tumor doubling times (7). Antisense eIF4E RNA treat-

ment also reduces the expression of anglogenic factors (115)
and has been proposed as a potential adjuvant therapy for head
and neck cancers, particularly when elavated elF4E is found in
surgical margins. Small molecule inhibitors that bind the elF4G/
4E-BP1-binding domain of elF4E are proapoptotic (116) and
are also belng actively pursued.

Exploiting Selective Translation for Gene Therapy

A different therapeutic approach that takes advantage of the
enhanced cap-dependent transtation In cancer cells Is the use
of gene therapy vectors encoding suiclde genes with highly
structured 5' UTR. These mRNA would thus be at a competitive

- disadvantage In normal cells end not translate well, whereas In

cancer cells, they would translate more efficlently. For exampte,
the introduction of the 5' UTR of fibroblast growth factor-2 5’ to
the coding sequence of herpes simplox virus type-1 thymidine
kinase gense, aflows for selective transiation of herpes simplex
virus Yype-1 thymidine kinase gene in breast cancer cell ines
compared with normal mammary cell lines and results in se-
lective sensitivity to ganciclovir {117).

Toward the Future

Translation s a crucial process in every cell. However, saveral
alterations in translational contro! oceur in cancer. Cancer cslls
appear to need an aberantly activated transiational state for
surviva), thus allowing the targeting of translation inftlation with
surprisingly low toxicity. Components of the translational ma-
chinery, such as elF4E, and signal transduction pathways in-
volved In translation inftlation, such mTOR, represent promising
targets for cancer therapy. Inhibltors of the mTOR have aiready
shown some preliminary activity in clinical trials. It is possible
that with the development of better predictive markers and
better patient selection, response rates to single-agent therapy
can be improved. Similar to other cytostatic agents, however,
mTOR Inhibitors are most likely to achieve ciinical utility In
combination therapy. In the interim, our increasing understand-
ing of translation Initfation and signal transduction pathways
promise to lead to the Identification of new therapeutic targets
In the near future.
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